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in which the amide group containing the scissile amide bond 
of the substrate peptide has been replaced by an activated 
iectrophilic . ketone moiety. These analogs of the peptidase 
substrates provide specific enzyme inhibitors for a variety of 
prot ases, the inhibition of which will have useful physiolo- 
gical consequences in a variety of disease states. 
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@ Novel peptidase inhibitors. 

(57) This invention relates to analogs of peptidase substrates 
in which the amide group containing the scissile amide bond 
of the substrate peptide has been replaced by an activated 
lectrophilic ketone moiety. 
Their general formula is 




the hydrates thereof, and the pharmaceutically acceptable 
salts thereof wherein 

R, may be hydrogen, an amino protecting group, an a- 
amino acid or a peptide, each of said a-amino acid or peptide 
ptionally bearing an amino protecting group 

R 2 is the R group side chain of an a-amino acid building 
block. 



X is X, or X 2 wherein 

X, is -CF 3 , -CF 2 H, CO z R 3 or-CONHR* 

X 2 is -CF 2 CHCRsY. -Cr 2 CR 5 Y or -CR S Y, 

Ml II I 

R 4 0 O O 

R 3 is hydrogen, alkyl, phenyl, benzyl, cyclohexyl or cyclo- 
hexylmethyl, 

R 4 is the R group side chain of an a-amino acid building 
block, 

R 5 is an a-amino acid or peptide building block, or dele- 
ted 

Y is -NHR 3 or -OR3, said a-amino building blocks being 
selected from Groups A, B, C, D, E, F, G, K and J, members of 
these Groups being 
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N rwgT. PEPTIDASE TttHTBITORS 

This invention relates to protease enzyme inhibitors 
useful for a variety of physiological end-use applica- 
tions. 

5 m its broad aspects, this invention relates to ana- 

logs of peptidase substrates in which the amide group • 
containing the scissile amide bond of the substrate 
peptide has been replaced" by an activated electrophilic 
ketone moiety such as fluor ©methylene ketone or ct-keto 

10 carboxyl derivatives. These analogs of the peptidase 
substrates provide specific enzyme inhibitors for a 
variety of proteases, the inhibition of which will have 
useful physiological consequences in a variety of disease 
states. 

15 m its more specific aspects, this invention relates 

to activated electrophilic ketone derivatives of certain 
peptidase substrates which are useful in inhibiting 
serine-, thiol-, carboxylic acid- and metallo- dependent 
protease enzymes, the inhibition of which will have useful 

20 physiological consequences in a variety of disease states. 



C-33,761A 



-1- 



Still more specifically, this invention relat s to 
activated electrophilic keton derivatives f peptidase 
substrates which fall within the following generic 
groupings charact rized according to their active sit 
dependencies, such g neric groupings ar s 

I. Serine Dependent Enzymes: These include such 
enzymes as Elastase (human leukocyte), Cathepsin G, 
Thrombin, Plasmin, c-1 Esterase, C-3-Convertase, 
Urokinase, Plasminogen activator, Acrosin, B- La ctamase, 
D-Alanine-D-Alanine Carboxypeptidase , Chymotrypsin, 
Trypsin and kallikreins. 

II. Thiol Dependent Enzymes: Cathepsin B. 

III. Carboxylic Acid Dependent Enzymes: These 
include such specific enzymes as Renin, Pepsin and 
Cathepsin D. 

IV. Metallo Dependent Enzymes: These include 
Angiotensine Converting Enzyme, Enkephalinase, Pseudomonas 
Elastase and Leucine Aminopeptidase. 

The contemplated peptidase inhibitors of the fore- 
going enzymes are selected from the generic formula 

0 

RlNH^ C- X 

CH I 
R 2 

including the hydrates thereof, and the pharmaceutical^ 
acceptable salts thereof wherein X embraces subgroups X, 
and x 2 . 
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wherein Xi is -CF2H, -CF3, CO2R3 or -CONHR3 , and 
X2 is -CP2|H|RsY, -CF2|R5* ««d "| R 5 Y ' 

R2 is the "R group" side chain of the a-amino acid build- 
5 ing block responsible for directing the inhibitor to 

the active site of the enzyme , 

Rl may be hydrogen, an amino protecting group selected 

from Group K, an a-aaino acid or a peptide comprised 
of a number of a-amino acid building blocks, each of 
10 said a-amino acid or peptide optionally bearing an 

amino protecting group preferably selected from Group 
K, 

R3 may be H, C1-4 straight or branched alkyl, phenyl, 
cyclohexyl, cyclohexylmethyl or benzyl, 
15 R4 is the specific R-group side chain of an a-amino acid 
building block for that peptidase substrate analog, 

R5 is an a-amino acid or peptide building block, or is 
deleted (sometimes herein stated "or is zero") and 

Y is NHR3 or OR3, 

20 Unless otherwise stated the a>-amino acid building 

blocks of these peptidase substrates are preferably in 
their L-conf iguration. 

Before further defining and/or illustrating the scope 
of the peptidase substrate inhibitors embraced by formula 

25 I, it may be convenient to state some of the more basic 
concepts related to peptides. For example, except for 
proline, all of the a-ramino acids found in proteins have, 
as a common denominator, a free carboxyl group and a free 
unsubsti tuted amino group on the a-carbon atom (in pro- 

30 line, since proline * s a-amino group is substituted it is 
really an a-imino acid, but for convenience, it will also 
be spoken of as an a-amino group) . Additionally each 
a-amino acid has a characteristic "R-group", the R-group 
being the side-chain, or residue, attached to the a-carbon 
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atom of the a-amino acid. For example, the R-group side 
chain for glycin is hydrogen, for alanine it is m thyl, 
for valine it would be isopropyl. (Thus, throughout this 
specification the R2 or R4 moiety is the side-chain 
5 R-group for each indicated <x -amino acid). For the speci- 
fic R-groups - or side chains - of the a-amino acids 
reference to A. L. Lehninger's text on Biochemistry (see 
particularly Chapter 4) would be helpful. 



10 the compounds embraced by the generic concept of Formula 
I, as well as the sub-generic concepts relating to each of 
the individual enzymes involved in this invention, various 
a— amino acids have been classified into a variety of 
groups which impart similar functional characteristics for 

15 each of the specific enzymes to be inhibited by the pepti- 
dase substrates of Formula I. These groups are set forth 
in Table II and the recognized abbreviations for the 
a— amino acid blocks are set forth in Table I. 



As a further convenience for defining the scope of 



TABLE I 



20 



Amino Acid 



Symbol 



25 



Alanine 

Arginine 

Asparagine 

Aspartic acid 

Asn + Asp 

Cysteine 

Glutamine 

Glutamic acid 

Gin + Glu 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Ph eny 1 al ani ne 

Proline 



Ala 
Arg 
Asn 
Asp 
Asx 



30 



Cys 
Gin 
Glu 
Glx 
Gly 
His 
He 
Leu 



35 



Lys 
Met 
Phe 
Pro 
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Serine Ser 



Threonine Thr 

Tryptophan Trp 

Tyrosine Tyr 

5 Valine Val 

Nor valine n-Val 

n-Leucine n-Leu 

1- Naphthyl alanine Nal(l) 

2- Indoiinecarboxylic 

10 Acid Ind 

Sarcosin Sar 

TABLE II 



Group A: Lys and Arg 
B: Glu, Asp 
15 C: Ser, Thr r Gin, Asn, Cys, His 

D: Pro, Ind 

E: Ala, Leu, lie, Val, n-Val, Met, n-Leu and N— 

methyl derivatives* 
F: Phe, Tyr, Trp, Nal(l), and N-methyl derivatives 
20 G: Gly, Sar 

J: 

NH -NH 
-CH20(P.->NHC^ <J-1) , -CH 2 0(£-)Cf (J-2) 

N NH 2 V NH 2 

25 ^NH Jm 

-0CH2NHCT CJ-3) and -0CH 2 C*' <J~4) 

im2 NH2 

with 0, of course, representing phenyl 

* 

K: Acetyl (Ac), Succinyl (Sue) , Benzoyl (Bz) y t- 
30 Butyloxycarbonyl (Boc) , Carbobenzoxy (CB2) , Tosyl 

(Ts) , Dansyl (DNS) , Isovaleryl (Iva) , 
Methoxysuccinyl (MeOSuc) , 1-Adamantanesulphonyl 
(AdS02> / 1-Adamantaneacetyl (AcAc) , 2- 
Carboxybenzoyl (2-CB2T) and such other terminal 
35 amino protecting groups which are functionally 

equivalent thereto* 



In light of the foregoing f the defined compounds of 

formula I may also be stated as being: 

An activated electrophilic ketone-bearing peptidase 
40 inhibitor of the formula 
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10 



R 1NH^ ^jj-X 
0 




the hydrates thereof, and the pharmaceutically acceptable 
salts thereof wherein 

Rl may be hydrogen, an amino protecting group selected 

from Group K, and a -amino acid or a peptide comprised 
of a number of a-amino acid building blocks , each of 
said a-amino acid or peptide optionally bearing an 
amino protecting group selected from Group K, 

R2 is the R group side chain of an a-amino acid building 
block , 

X is X^ or X2 wherein 

X x is CF3 / CF 2 H, CO2R3 or "CONHR3 / 
15 X 2 is -CF 2 CHCR 5 Y, -CF 2 CR 5 Y or -CR5Y' 

R4O 0 0 

R3 is hydrogen, C1-4 straight or branched alkyl, phenyl, 
benzyl, cyclohexyl or cyclohexylmethyl, 

R4 is the R group side chain of an a-amino acid building 
20 block, 

R5 is an a-amino acid or a peptide comprised of a - amino 

acid building blocks, or is deleted, 
Y is -NHR3 or -OR3 

wherein the said a-amino acid and peptide moieties are 
25 building blocks selected from Groups A, B, C, D, E, 

F, G and J, and K is a terminal amino protecting group, 
members of these groups being 

Group A: Lys and Arg, 

B: Glu and Asp, 

30 C: Ser, Thr, Gin, Asn, Cys and His, 

D: Pro, Ind 
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Es Ala, Leu, lie, Val, n-Val, Met and n-Leu, and N- 

methyl derivatives, 
F: Ehe, Tyr, Trp, Nal(1) and N-methyl derivatives 
G: Gly, Sar 
5 J: 

NE ^NH 
-CH 2 0(R-)NHQ^ (J-l) , -CH20<E->C^ (J-2) 

NH 2 NH2 

10 -0CH2NHC^ (J-3) and -0CH2C N (J-4) 

NH 2 KH2 

with 0, of course, representing phenyl, 

K: Acetyl (Ac), Succinyl (Sue) , Benzoyl (Bz) 7 t- 
Butyloxycarbonyl (Boc) , Carbobenzoxy (C3Z) , 
15 Tosyl (Ts) , Dansyl (DNS) , Isovaleryl (Iva) , 

Methoxysuccinyl (MeOSuc) , 1 -Adamant anesul phony 1 
(AdS0 2 ) , 1-Adamantarieacetyl (AcAc) , 2- 
Carboxybenzoyl (2-C3i) and such other terminal 

* 

amino protecting groups which are functionally 
20 equivalent thereto. 

To illustrate those compounds which are useful as 
enzyme inhibitors for human leukocyte elastase, and to 
serve as a medium of instruction for a better 
understanding of the scope of compounds embraced within 
25 the generic formula I, (and its sub-generic formulae for 
each of the involved enzymes herein disclosed) the fol- 
lowing formula (la) represents the sub-generic class 
defining those compounds within the scope of inhibitors of 
human leukocyte elastase: 
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o 

rinbch{!-x 

R2 



(la) 



10 



15 



wherein R2 is the side chain of the depicted enzyme- 
directing a/-amino acid building block (P^) f 

Rl is as previously defined (Comprised of P2~Pn blocks) , 

and :: ^-r^ 
X is the moiety conferring the electrophilic character to 
its adjacent carbonyl consisting of either Xi or X2 
as previously defined generically in formula I. 



Still for instructional purposes, the structural 
formula for the most preferred human leukocyte elastase 

inhibitor is I 

1 1 
1 ' 4 1 
0 1 0 I 0 1 0 

C— — NHCHC— — CF 2CHC-LjlHCHC-f 



8 8 
H3COC-CH2CH2C 




-NHCH 
/CH 3 N i /CHCH^, 

CH 3 



/ 



V H 3 C CH^ 



J 



II 



?5 



P4 



P 3 



P2 



Pi 



Pi 



P2 



-NH 2 



P3 



20 the vertical dotted lines setting off each moiety 

constituting the specific arrangement for that particular 
peptidase inhibitor. Except for proline and 2-indoline 
carboxylic acid the moieties encircled within the dotted 
lines represent the R-group side chains of the tf— amino 

25 acid building block (see pages 69-71 of the above cited 
Lehninger's text) or 1-naphthylmethyl* 



Still another way of representing the foregoing sub- 

■■■■ ■ ■ U r -«„ .... : . 

strate is by the formula ■ 
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i i < 

i t 

0 0 | 0 | 

H3C0C-CH2CH2cJ-J1HCHC-LnHCHC-L-N. 

i k \ R ' 



C ' N Ic -I^^bc— Lc 



P5 



P4 



I 



P3 



P2 



I R2 
I 

I 

PI 



! 

€F2CHC-LNHCHC— LNH2 



R4 



Pi 



I 
R 



Pi 



P3 



10 



15' 



20 



III 

with R, R2, R4 being the side chain residues of the parti- 
cular a-amino acid, the amino acid building block of p£ 
<P2 primed) being the R5r if any, of X2 and the terminal 
P3 being a specific of the Y radical of X2# P5 being the 
terminal moiety sometimes referred generically as (P n ) and 

P2-P3-P4 being the remaining a-amino acid building blocks 
of that Ri moiety. 

Still another, and the most convenient method for 
simply conveying the structure involved is the formula 



If I II 

MeOSuc * - Ala J - lie J - Pro J - Val [ - X 

P 5 | P 4 1 P3 I P2 l Pi f Pl^P2 * 



IV 



wherein X consists of Pi, P2* when representative of 
0 

It ' 

-CF2CHC-R5Y wherein for the illustrations above, Pi 

R4 

bears the -CH3 side chain R-group for R4 and P2 bears the 
R5 amino acid block bearing the -CH3 side chain and Y is 
NH2, and P1-P5 are shorthand designations for the depicted 
P1-P5 moieties of the above structures II and III. 



To expand on structure IV and (la) as it encompasses 
25 the scope of the other X moieties attached to the same 

P1-P5 moieties, the f 1 lowing seven structures are shown: 
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(a) M OSuc-Ala-Il -Pro-Val-CF2H (i.e., Xi is -CP2H) . 

(b) MeOSuc-Ala-Ile-Pro-Val-CP3 (i.e., Xi is -CP3) . 

(c) MeOSuc-Ala-Ile-Pro-Val-COOH (i.e., Xi is -CO2R3 with 

R3 being H) . 

(d) MeOSuc-Ala-Ile-Pro-Val-CONH2 (i.e., Xi is -CONHR3 
with R3 being H) . 

( ) MeOSuc-Ala-Ile-Pro-Val^CF2GHC-NHCHC-HH2 (i.e., X2 is 
R4O H3C O H3i O 

CF2CHC-R5Y with R4 being the side chain of alanine 
and R5 is -NHCH-C- with R5 being the side chain of 

h 8 

alanine and Y is NH2 . 

(f) MeOSuc-Ala-Ile-Pro-Val-CF2C-Ala-NH2 (i.e., X2 is 

O O 
CF2C-R5Y with R5 being as defined in (e) above, and Y 
is NH 2 ) . 

(g) MeOSuc-Al a-Ile-Pro-Val-C-Ala NH 2 (i.e., X 2 is -£- R 5* 

8 O 

wherein R5 is as defined in (e) above and Y is NH2- 

It is also convenient when defining the substrate com- 
pounds according to the foregoing formula IV convention 
designation to define the -CF 2 CHC moiety of X 2 as [CF2~ a - 

R4O 

amino acid] wherein the name of the a-amino acid to which 
R4 is a side chain is indicated such as, for example, in 
this convention -CF2CHC becomes [CF2 Ala] . This will 

H 3 C 0 

facilitate the writing and comprehension of the so-defined 
structures. 

Utilizing the foregoing illustrations those compounds 
of formula I which are useful as inhibitors for human leu- 
kocyte elastase are represented by the formula 
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o 

RlNHCHc!-X (la) 

wherein R2 is the side chain of the a-amino acids of 
5 Groups E and G/ with nor-valine and valine being 

preferred, 

*1 is -P2P3P4P5 with P2 being a-amino acid blocks of 
Groups D, E and F, with proline being prefer red , 

P3 is the a -amino acid blocks of Groups D or E, with 
10 isoleucine being preferred, 

P4 is the a-amino acid blocks of Groups E or zero with 
alanine being preferred (when P n is zero then that 
particular moiety does not appear in the structure, 
i.e. it is deleted) , 
15 P S is the terminal moiety of Group K with methoxysuccinyl 
being preferred, 
X is any of the X^ or X2 moieties defined for formula I 

with R5 being an a-amino acid block of Groups E and G 
with alanine being preferred and Y is NH2 , and 
20 R4 is an R group side chain of Groups E and G with alanine 
being -preferred. 

t 

Human leukocyte elastase is released by polymorpho- 
nuclear leukocytes at sites of inflammation and thus is a 
contributing cause for a number of disease states. Thus 

25 the peptidase substrates of Formula (la) have an anti- 
inflammatory effect useful in the treatment of gout, rheu- 
matoid arthritis and other inflammatory diseases, and in 
the treatment of emphysema* In their end-use application 
the enzyme inhibitory properties of the compounds of (la) 

30 are readily ascertained by standard biochemical techniques 
well known in the art. Potential dose range for their 
end-use application will of course depend upon the nature 
and severity of the disease state as determined by the 
attending diagnostician with the range of 0.01 to 10 mg/kg 
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20 
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body weight per day being useful for the aforementioned disease 
states. The preferred compounds for this enzyme are: 

MeOSuc-Ala-Ile-Pro-Val [CF 2 -Ala]Ala-NH2 , 
MeOSuc-Ala-Ile-Pro-Val-CF3 , 
MeOSuc-Ala-Ile-Pr o-Val-C0 2 He , 
MeOSuc -Al a- II e-Pr o^- Val -CP2COOE t , 
MeOSuc-Ala-lle-Pro-Val-CHF 2 , 
MeOSuc-Ala-Ala-Pro-Val-C02Me, 

MeOSuc-Ala-Ala-Pro-Val-rCF 2 -Ala]Ala-NH 2 , 
MeOSuc-Al a-Ala-Pro-Val-CF3 / 

raN-(AdS0 2 ) ]-[E N -( 2 -cb2) l-Lys-Pro-Val-[CF 2 Ala]Ala-NH 2 
[aN- (AdS02 ) ] - [E N ^ ( 2 -cb z) ] -Lys-Pro-Val- CHF 2 
Ca N -(AdS02) ]-[E N - (2 _ CB2) j -Lys-Pro-Val-C0 2 Me 

MeOSuc-Ala-Ile-Pro-Val-C0 2 Me, 

Me OSuc-Al a- II e-Pr o- Val-C 0 2 fl . 

Those compounds of Formula I which are useful as 
inhibitors of Cathepsin G are represented by the 
structural formula 



0 
II 

RlNHCHC-X (ib) 
R-5 



wherein x 1# x 2 , R 3 , 114, R 5 and Y are as defined for human 
leukocyte elastase (Formula la) , 

R l is P2-P3-P4-P5 with P 2 being selected from Groups D, E, 
25 G or K with proline or benzoyl being preferred, 

P3 is selected from Groups E or G with alanine being 
preferred, 

*4 is selected from Groups E, G or is deleted with alanine 
being preferred, 

3° P5 is selected from Group K with succinyl being preferred. 
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R2 is selected from Groups E and F but preferably is Phe 
side chain. 

The end-use application of the compounds (lb) inhibiting 
Cathepsin G is the same as for human leukocyte inhibitors, * 
5 including arthritis, gout and emphysema, but also embrac- 
ing the treatment of glomerulonephritis and lung infesta- 
tions caused by infections in the lung* For their end-use 
application, the potency and other biochemical parameters 
of the enzyme inhibiting characteristics of the compounds 

10 of (lb) are readily ascertained by standard biochemical 

techniques well known in the art. Actual dose ranges for 
their specific end-use application will, of course, depend 
upon the nature and severity of the disease state of the 
patient or animal to be treated as determined by the 

15 attending diagnostician. It is to be expected that the 
general end-use application dose range will be about 0.01 
to 10 mg per kg' per day for an effective therapeutic 
effect. Preferred compounds of formula lb are: 



20 



25 



Suc-Ala-Ala-Pro^Phe^Xi, arid specifically 
Suc-Ala-Ala-Pro-Phe-CF 3 , 
Suc-Ala-Ala-Pro-Phe-COOH, and 
Suc-Ala-Ala-Pro-Phe-COOMe , 

Suc-Ala-Ala-Pro-Phe-CF 2 H, 
Suc-Al a-Al a-Pr o-Phe [CF 2 Al a] OH , 
Su c - Al a- Al a- P r o- Phe-CF 2 -C OOE t 



Those compounds of Formula I which are useful as 
inhibitors of thrombin are represented by the formula 




k 2 



(Ic) 



30 
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wherein x is Xi or X 2 as defin d in formula I witn 1 Y 9 be?ng 2 
OH, 

R5 is pref rably the glycine amino acid block or is a 
member of Group E or D or is zero, 

5 R4 is selected from Group C or G but preferably is a 
glycine or serine side chain, 

*2 is preferably the arginine side chain but may also be 
selected from Groups A and J, 

Rl is (a)-P2-P3, (b)-P2 or <c)-P2-P3-P4 with 
1° (a) p 2 is selected from Groups E or P, preferably 

proline, P 3 i s selected from Group F, each P3 
being in the D - configuration preferably D-Phe, 

(b) P2 is selected from Group K but preferably is 
-dansyl or tosyl, 

15 (c) 1*2 is selected from Group E but preferably is 

alanine, P 3 is selected from Groups G and E but 
preferably is serine, P 4 is selected from Groups 
G and E or is zero but preferably is Phe. 

The compounds embraced by Formula (Ic) inhibit throm- 
20 bin and therefore, as in the use of heparin, the compounds 
may be used as the initial anticoagulant agent in thrombo- 
phlebitis and coronary thrombosis. For their endwise 
application, the potency and other biochemical parameters 
of the enzyme inhibiting characteristics of the compounds 
25 of (Ic)axe readily ascertained by standard biochemical 
techniques well known in the art. Actual dose ranges for 
their specific end-use application will, of course, depend 
upon the nature and severity of the disease state of the 
patient or animal to be treated as determined by the 
attending diagnostician. It is to be expected that the 
general end-use application dose range will be about 0.01 
to 10 mg per kg per day for an effective therapeutic 
effect. Preferred compounds are as expressed for 
Cathepsin G and also include: 



30 



C-33,761A 



-14- 



0195212 



H- (D) — Phe— Pro— Arg-CP3 , 

H- (D ) -Phe-Pro-Arg-COOH , 

H-<d) -Phe-Pro-Arg-COO-n-butyl, 

DNS-Arg-CP3, 

DNS-Arg-COOH, , 

DNS-Arg-COO-n-butyl , 

H-Phe-Ser-Ala-CP3 , 

E-Phe-Ser-Ala-COOH, 

H-Phe-Ser-Ala-COO-n-butyl , 



10 




The ccnpcunds of Formula I which are useful as inhibi- 



tors of chymotrypsin are represented by the structural 
formula 



wherein Xj, X2/ R3/ R4 R5 and Y are as defined for com- 
pounds of la, and is -P2-P3-P4-P5 with, 

*2 being selected from Groups D, E, G or K with benzoyl 
being preferred, 

25 P3 is selected from Groups E or G or is zero with alanine 
being preferred, 

P4 is selected from Groups E or G or is deleted with 
alanine being preferred, 

?5 is selected from Group K with succihyl being preferred, 
30 or is zero when P 2 is K, and 

P*2 is selected from Groups E and F but preferably is Phe 



20 




-X 



(Id) 



or Tyr side chains. 
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The end-use application of the compounds (Id) inhibi- 
ting chymotrypsin is in the treatment of pancreatitis. 
For their end-use application, the potency and ther bio- 
chemical parameters of the enzyme inhibiting characteris- 
tics of the compounds of (Id) are readily ascertained by 
standard biochemical techniques well known in the art. 
Actual dose ranges for their specific end-use application 
will, of course, depend upon the nature and severity of 
the disease state of the patient or animal to be treated 
as determined by the attending diagnostician. It is to be 
expected that the general end-use application dose range 
will be about 0.01 to 10 mg per kg per day for an effec- 
tive therapeutic effect. Preferred compounds are as 
expressed for Cathepsin G and also include: 



Bz-Phe-C?3, 
Bz-Phe-COOH, 
Bz-Phe-COOMe , 
Bz-Tyr-CF 3 , 
Bz-Tyr-COOH, 
Bz+Tyr-COOMe , 
Bz-Phe-CHF2 , 
Bz-Phe-CF 2 COOEt 
Bz-Phe- [CF 2 -Gly] Gly-OH 



The compounds of Formula I which are useful as inhi- 
bitors of trypsin are represented by the structural 
formal a 



0 

RlNHCHC-X (Ie) 
R 2 

wherein x is Xj. or X2 as defined in formula I with Y. being 
OH, 
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R5 is selected from Groups G, E or D or is zero but 

preferably is glycine , 
R4 is an R group side chain of Groups C or G but 

preferably is glycine or serine side chain, 

5 R2 is selected from Groups A or J but preferably is the 
arginine side chain, 

Rl is selected from (a)-P2~P3/ (b)-P2 or (c)-P2H?3-P4 with 
Ca) P2 is selected from Groups E or F but is 

preferably proline or alanine, P3 is selected 
10 from Group F, (each being in the D 

configuration) but preferably is • D -Phe, 

(b) P2 is selected from Group K but preferably is 

dansyl or tosyl, 

(c) P2 is selected from Group D or E but preferably 
15 is proline or alanine, P3 is selected from 

Groups G and E but preferably is serine, P 4 is 
selected from Groups G and E or is zero but 
preferably is Phe. 

The end-use application of the compounds (Ie) inhibi— 
20 ting trypsin is in the treatment of pancreatitis. For 
their end-use application, the potency and other bioche- 
mical parameters of the enzyme inhibiting characteristics 
of the compounds of (Ie) are? readily ascertained by stan- 
dard biochemical techniques well known in the art. Actual 
25 dose ranges for their specific end-use application will, 
of course, depend upon the nature and severity of the 
disease state of the patient or animal to be treated as 
determined by the attending diagnostician. It is to be 
expected that the general end-use application dose range 
30 will be about 0.01 to 10 mg per kg per day for an effec- 
tive therapeutic effect. The preferred compounds useful 
for inhibiting trypsin are the same as for the inhibitors 
of thrombin. 



C-33,761A 



-17- 



01 9 5 2 i 2 

The compounds f Formula I which are useful as inhi- 
bitors of plasmin are represented by the structural 
formula 



0 

RlNHCHC-X (If) 

wherein X is X x or X2, with CF 3 , C0OH, COOMe, and CF 2 COOEt 
being preferred, 

R l is -P2-P3-P4 with P2 being selected from Group F but 

preferably is Phe, P 3 is selected from Groups B or F 
but preferably is Glu, and P 4 is selected from Group 
K but preferably is dansyl, 

R2 is selected from Groups A and J but preferably is the 
lysine side chain. 

The compounds embraced by formula (if) inhibit plas- 
min and are therefore antiproliferative agents useful in 
treating excessive cell growth, particularly in the treat- 
ment of benign prostatic hypertrophy and prostatic 
carcinoma, and in the treatment of psoriasis. For their 
end-use application, the potency and other biochemical 
parameters of the enzyme inhibiting characteristics of the 
compounds of (lf)a*e- readily ascertained by standard bio- 
chemical techniques well known in the art. Actual dose 
ranges for their specific end-use application will, of 
course, depend upon the nature and severity of the disease 
state of the patient or animal to be treated as determined 
by the attending diagnostician. It is to be expected that 
the general end-use application dose range will be about 
0.01 to 10 mg per kg per day for an effective therapeutic 
effect. The preferred compounds are: 
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DNS-Glu-Phe-Lys-CHF2 
DNS-Glu-Phe-Lys-COOH 

DN S- Gl u -Phe- Ly s-C P 3 

DNS-Glu-Phe-Lys-COOMe 

DNS-Gly-Phe-Lys-CF2C00Et 

The compounds of Formula I which are useful as inhi- 
bitors of Ci-esterase are represented by the structural 
formula 




(Ig) 



wherein X generically is Xj. or X2 with Xi being preferred 

particularly when X^ is CO2R3 or -CF3, 
R2 is selected from Groups A and J but preferably is Arg, 
Rl generically is -P2-P3 with P2 being selected from 

Groups E, G f D, C, F, A or B with Ala. being' 

preferred, and P 3 is selected from Group K with CBZ 

being preferred, 

R4 is selected from Group E, 

R5 is selected from Group E and Y is preferably NH2» 

The compounds embraced by formula (Ig) inhibit 

C^-esterase and are therefore useful in treating systemic 
lupus, arthritis, autoimmune hemolytic anemia and 
glomerulonephritis. For their end-use application, the 
potency and other biochemical parameters of the enzyme 
inhibiting characteristics of the compounds of (Ig) are 
readily ascertained by standard biochemical techniques 
well known in the art. Actual dose ranges for their 
specific end-use application will, of course, depend upoa 
the nature and severity of the disease state of the 
patient or animal to be treated as determined by the 
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att nding diagnostician. It is to be expected ' th^t^ ^ 
general end-use application dose rang will b about 0 01 
to 10 mg per kg per day for an effective therapeutic 
effect. The preferred compounds ares 



10 



CBZ-Ala-Arg-CF3 / 

CBZ-Ala-Arg-COOH, 

CBZ-A1 a-Arg-COOMe , 

CBZ-Ala- (p.-gua) *-Phe-CF 2C 00Et, 

CBZ-Ala- (p.-gua) -Phe fCF 2 Ala]NH 2 , 

*gua is guanidino 



The compounds of Formula I which are useful as inhi- 
bitors of C 3 -convertase are represented by the formula 

0 

RlNHCHC-X (Ih) 
*2 

rpriL" ^ ne H riCally " " .tth X 2 being preferred, 
R 4 Preferably bexng the alanine side chain, but is also 
Group E, 

*5 is zero and y is OR 3 (i.e., R 5 y is 0 R 3 ) , 
20 R 2 is selected from Groups A or J, with Arg being 
preferred, 

*1 is -P 2 -P 3 -P 4 with P 2 being selected from Groups E or F 
wxth Ala being preferred, p 3 is Ml-Ct . d froa 6 ' 
E or F with Leu being preferred, and 
W P-4 is selected from Group K with Bz being preferred. 

The compounds embraced by formula (ih) inhibit 
C 3 -convertase and are therefore useful in treating syste- 
mic lupus, arthritis, autoimmune hemolytic anemia and 
glomerulonephritis. For their end-use application, the 
0 potency and other biochemical parameters of the enzyme 
inhibiting characteristics of the compounds of (i h > are 
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readily ascertained by standard biochemical techniques 
well known in the art* Actual dose ranges for their 
specific end-use application will, of course, depend upon 
the nature and severity of the disease state of the 
5 patient or animal to be treated as determined by the 
attending diagnostician. it is to be expected that the 
general end-use application dose range will be about 0.01 
to 10 mg per kg per day for an effective therapeutic 
effect. The preferred compounds are: 

10 Bz-Leu-Ala-Arg-CF3, 
Bz-Leu-Ala-Arg-CHF2 , 

Bz-Leu-Ala-Arg-CF2-COO-CH20 
Bz-Leu-Ala-Arg lCF 2 -Ala]OCH20 
Bz-Leu-Ala-Arg-COOCH 2 0. 

15 The compounds of formula 1 which are useful as inhi- 

bitors of Urokinase are represented by the formula 

0 
II 

C-X (Ii) 

20 wherein X generically is X 1 or X2 with Xi being preferred 
and C0 2 R3 and -CF3 being most preferred, 
R4 is Group E, 
R5 is Group E, and 
Y is NH 2 , 

25 Ri generically is -P2-P3 with P2 being selected from 

Groups E and G with Ala and Gly being preferred, and 
P3 is selected from Group B with Glu being preferred, 
R 2 is selected from Groups A and J with Arg being 
preferred. 

30 Preferred Urokinase inhibitors are: 
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K -Glu -Gly- Ar g -CP 2 H , 
K-Glu-Gly-Arg-CF3 , 
K-Glu-Gly-Arg-COOH , 
K-Glu-Gly-Arg-C0NH2 , 

K-Glu-Gly- <p_-gua) *Phe- [CF 2 Ala] — Ala— NH2 / and 
K— Gly-Gly (p_-gua) *Phe-CF 2 C0NH2 / 

**(p-gua) being para- guanidino 

The compounds of formula (Ii) inhibit urokinase and 
therefore are useful in treating excessive cell growth 
disease states. As such the compounds are useful in the 
treatment of benign prostatic hypertrophy and prostatic 
carcinoma, the treatment of psoriasis, and in their use as 
abortif acients. For their end-use application, the 
potency and other biochemical parameters of the enzyme 
inhibiting characteristics of the compounds of (ii) are 
readily ascertained by standard biochemical techniques 
well known in the art. Actual dose ranges for their 
specific end-use application will, of course, depend upon 
the nature and severity of the disease state of the 
patient or animal to. be treated as determined by the 
attending diagnostician. It is to be expected that the 
general end-use application dose range will be about 0.01 
to 10 mg per kg per day for an effective therapeutic 
effect. 

The compounds of Formula I which are useful as inhi- 
bitors of plasminogen activator are represented by the 
structural formula 




ZHC-X 



(Ij) 
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wherein X generically is Xi or X2 with Xi being preferr d 

and -CF3, COOH and COOMe being most preferred r 

R4 is Group E, 

R5 is Group E, 

5 Y is NH 2 when X is X2/ 

Rl generically is -P2-P3-P4 wherein P2 is Gly, P3 is 

selected from Group B with Glu being preferred, and 

P4 preferably is dansyl but also selected from Group 
K, and 

10 R 2 is selected from Groups A and J with Arg being 
preferred. 

Preferred compounds are: 
DNS-Glu-Gly-Arg-COOMe , 
DNS-Glu-Gly-Arg-CF 3 , 
15 DNS-Glu-Gly-Arg-COOH , 

DNS-Glu-Gly- (p-gua> Phe-CHF 2 , 
DNS-Glu-Glu- (p-gua) Phe [CP 2 Al a ] Al aNH 2 , 
DNS^Glu-Gly- (£-gua) PheCF 2 GOOEt • 

The compounds of the Formula (Ij) inhibit plasminogen 
20 activator and therefore are useful in treating excessive 
cell growth disease states such, for example, being useful 
in the treatment of benign prostatic hypertrophy and pro- 
static carcinoma, in the treatment of psoriasis and in 
their use as abortif acients. For their end-use applica- 
25 tion, the potency and other biochemical parameters of the 
enzyme inhibiting characteristics of the compounds of (Ij) 
are readily ascertained by standard biochemical techniques 
well known in the art. Actual dose ranges for their spe- 
cific end-use application will, of course, depend upon the 
30 nature and severity of the disease state of the patient or 
animal to be treated as determined by the attending diag- 
nostic! an. It is to be expected that the general end-use 
application dose range will be about 0.01 to 10 mg per kg 
per day for an effective therapeutic effect. 
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The compounds of Formula I which are useful as inhi- 
bit rs of acrosin are represented by the structural 
formula 

0 

5 RlNHCHC-X (Ik) 

*2 

wherein X generically is Xx or X2r with Xi being preferred 
especially when Xi is -CF3, CHF2 § COOH or COOMe. 
When X is X2, R4 is Group E, R5 is Group E, or is 
10 deleted and Y is NH2, 

»1 generically is -P2-P3-P4 with P2 being selected from 

Group E with Leu being preferred, P 3 is selected from 
Group E with Leu being preferred, P 4 is selected from 
Group K with Boc being preferred. 
15 R 2 is selected from Groups A and J with Arg being 
preferred. Preferred compounds are: 

Boc -Leu-Le u -Arg -CF 2 H , 
Boc-Leu-Leu-Arg-CF3 , 
Boc-Leu-Leu-Arg-COOH, 

20 Boc-Leu-Leu-(p-gua)Phe-[CF 2 AlaJAlaNH2, and 

Boc-Leu-Leu- (p-gua) PheCF2CONH2 • 



The compounds of formula (Ik) are acrosin inhibitors 
and therefore are useful as anti-fertility agents in that 
they possess the characteristics of preventing sperm from 
25 penetrating an otherwise fertilizable egg. For their end- 
use application, the potency and other biochemical para- 
meters of the enzyme inhibiting characteristics of the 
compounds of (Ik) are readily ascertained by standard bio- 
chemical techniques well known in the art. Actual dose 
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ranges for their specific end-use application will, of 
course, depend upon the state of the patient or animal t 
be treat d as determined by the attending diagnostician. 
It is to be expected that the general end-use application 
dose range will be about 0.01 to 10 mg per kg per day for 
an effective therapeutic effect. 

The compounds of Formula I which are useful as inhi- 
bitors of S-lactamase are represented by the structural 
formula 



0 

RlNHCHC-X (ID 
R 2 

with the proviso that the depicted carbonyl moiety 
(attached to X) may exist in its 

OH 
I 



chemically reduced form, (i.e., R^NHCHCHX) with the 
reduced form being preferred, 

wherein X is X 1 or X 2 with -CF3, COOH and COOMe being most 
20 preferred, and R 5 is deleted when X is X 2 

Rl generically is P 2 , P 2 being selected from Group K with 

COCH 2 0 and Bz being preferred, when X is generically 

X 2 , 

R 2 is selected from Graips e, G and C with glycine being 
25 preferred. The preferred compounds are: 

0CH 2 COHNCH 2 COCF3 , 
0CH 2 COHNCH 2 COCOCH, 
0CH 2 COHNCH 2 COCOOMe , 
0CH 2 COHNCH 2 CHOHCF3 , 

30 0CH 2 COHNCH 2 CHOHCOOH, 
0CH 2 COHNCH 2 CHOHCOOMe , 
0CH 2 COHNCH 2 COCHF 2 , 
0CH 2 COHNCH 2 CHOHCF 2 COOEt . 
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The c mpounds embraced by formula (ID inhibit 
B-Lactamase and therefore are useful in the potentiation 
of antibacterial agents, particularly the B -lactam 
bacterids. For their end-use application, the potency 
and other biochemical parameters of the enzyme inhibiting 
characteristics of the compounds of CI1) are readily ascer 
tained by standard biochemical techniques well known in 
the art. Actual dose ranges for their specific end-use 
application will, of course, depend upon the nature and 
severity of the disease state of the patient or animal to 
be treated as determined by the attending diagnostician. 
It is to be expected that the general end-use application 
dose range will be about 0.01 to 10 mg per kg per day for 
an effective therapeutic effect. 



15 The compounds of Formula I which are useful as inhi- 

bxtors of D-Ala-D-Ala Carboxypeptidase 



n 



0 
II 



RlNHCHC-X {Im) 
R 2 

wherein x generically is X x or X 2 wherein when X is x 2 , 
*4 is D-Ala and R 5 is deleted and y is OH or OR,, 
R2 is D— Ala, 

*1 generically is P 2 -p 3 with P 2 being Ac (N«,£ -Ac) Lys or 

Groups E and C with Ac'K*,£-Ac)Lys. being preferred, P 3 
generically is selected from Group K with Ac being 
preferred. The preferred compounds are: 



(Na,^) -di-Ac-Lys-D-Ala £CF 2 - (D) -Ala] OH, 
<Na, £ )-di-Ac-Lys-D-AlarCF 2 - D -Ala]OMe 
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(Ncug.) -di-Ac-Lys-D-Ala-CHP2 r 

(Na, L , )-di-Ac-Lys,D-Ala-CF2C00Et and 

Net, t ) -di-Ac-Lys-D-AlaCF3 

The compounds embraced by formula (Im) are antibac- 
5 terial agents particularly useful against gram negative 
organisms. Por their end-use application, the potency and 
other biochemical parameters of the enzyme inhibiting 
characteristics of the compounds of (Im) sxe readily ascer- 
tained by standard biochemical techniques well known in 
10 the art. Actual dose ranges for their specific end-use 
application will, of course, depend upon the nature and 
severity of the disease state of the patient or animal to 
be treated as determined by the attending diagnostician. 
It is to be expected that the general end-use application 
15 dose range will be about 0.01 to 10 mg per kg per day for 
an effective therapeutic effect. 

The compounds of Formula I which are useful as inhi- 
bitors of Cathepsin B are represented by the structural 
formula 

20 0 

II 

RlNHCHC-X (In) 
*2 

wherein X generically is Xi or X2 with Xi being preferred 
and CF3 and COOH being particularly preferred and 
25 when X is X 2 , R4 is selected from Group E with Leu 

being preferred, 

R5 is selected from Groups G, E or F with Gly being 
preferred and 7 is OH, 

Rl generically is <a)-P2-P3 or (b)-P2~P3^P4 wherein for 
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(a) P 2 is selected from Groups E and f with Phe being 
preferred and P-j i s Sfl1a( . f<1 j - y 

3 1S sel ««ted from Group K with 
CBZ being preferred, and 

preferred, -p 3 bein3 selected 9 

from Group k with Ac being preferred, 
*2 is selected from Group A and J or ThrCOCH 2 0, with Arg 
being preferred. The preferred compounds aref 

Ac-Leu-Leu-Arg fCP 2 - Le u ] Gly-OH, 

CBZ-Phe-ArgtCFj-^euJGly-OS, and 
CBZ-Phe-Thr tCF 2 -i, ea j Gly-OH. 
OBz 



CBZ-Phe-Thr-CHF 2 
13 OBz 



25 



30 



CBZ-Phe-Thr-CF 3 
OBz 

CBX-Phe-Thr-CF 2 -CO-Gly-OH 
OBz 

The compounds of formula (In) inhibit Cathepsin B and 
therexore are useful i n treating excessive cell g ro vth 
disease states such as, for example, being useful in 
in'trer!^" 19 " P "" ate hyP « tr °"*' Prostatic carcinoma. 
For Z * r 0riaS " " d " the " " ae as abortif acients. 
ZL T " appllcati °"' «*• Potency and other biol 

stand^d^ S ° f <1D) ~ " ad "y ascertained by 

standard bxochem^cal techniques well known in the art 

w!H o I 6 raB9eS ^ ^ • -PP^ion 

thi als aP ° n tfiS Mta " «* s ««ity of 

the disease state of the patient or animal to be treated 

as determined by the attending diagnostician. It Is to be 
expected that the general end-use application del ange 
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will be about 0.01 to 10 mg per kg per day for an effec- 
tive therapeutic effect. 

The compounds of Formula I which are useful as inhi- 
bitors of renin are represented by the structural 
5 formula 

0 
It 

RlNHCHOX (to) 
»2 

with the proviso that the depicted carbonyl moiety 
10 attached £o X may exist in its chemically reduced 

form, i.e. OH 

RiNHCHCHX, 
R 2 

wherein X generically is Xj or X2/ which when X is Xi CF3, 
15 COOH or COOMe are preferred and when X is X£, 

R4 is selected from Groups E, F or G with Val being 
preferred, 

R5 generically is p 2 being from Groups E, F or 

is deleted, with P3 being selected from Groups E or F 
20 or is deleted with lie being preferred and P 4 being 

selected from Groups E, C or F or is deleted with His 
being preferred and Y is OH or NH2, 
R2 is selected from Groups E or F or is cyclohexyl- 
methylene with Leu being preferred, 

25 R l generically is -P2-P3-P4-P5-P6 wherein P 2 is selected 
from Groups E, C or F with His being, preferred, P3 

is selected from Groups E or F with Phe being 
preferred, P 4 is selected from Groups E, D, F or is 
deleted with Pro being preferred, P 5 is selected from 
30 Groups E, C, F or is deleted with His being 

preferred, and P 6 is selected from Group K with 
MeOSuc being preferred. The preferred compounds are: 
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CBZ-Nal ( 1) -His-Leu-CHP2 , 
CBZ-Nal (1) -His-Leu-CF3 # 
CBZ-Nal (1) -His-Leu-CF2-C00Et f 

MeOSuc-His-Pro-Phe-His-Leu- [CF2-Val] Ile-His-OH , 

MeOSuc-Pro-Phe-His-Leu-[CF 2 -val] Ile-His-OH, 

MeOSuc-His-Phe-His-Leu- [CF 2 -val] ile-His-OH, 
MeOSuc-His-Pro-Phe-His-Leu- IGF 2 -Val] Ile-OH, 

MeOSuc-His-Pro-Phe-His-Leu- [CF2-Val]His-0H, 
BOC-His-Pro-Phe-His-Leu rCF 2 -val] -Ile-His-Oh, 
BOC-His-Pr o-Phe-His-Leu- tCF 2 -CO] -Ile-His-NH2 , 
BOC-Pro-Phe-His-Leu CCF 2 -Val] -Ile-His-NH 2 • 

The compounds of Formula (Io) inhibit renin and 
therefore are used as antihypertensive agents useful in 
treating hypertension. For their end-use application, the 
potency and other biochemical parameters of the enzyme 
inhibiting characteristics of the compounds of (Io) are 
readily ascertained by standard biochemical techniques 
well known in the art. Actual dose ranges for their spe- 
cific end-use application will, of course, depend upon the 
nature and severity of the disease state of the patient or 
animal to be treated as determined by the attending diag- 
nostician. It is to be expected that the general end-use 
application dose range will be about 0.01 to 10 mg per kg 
per day for an effective therapeutic effect. 

The compounds of Formula I which are useful as inhi- 
bitors of pepsin are represented by the structural formula 

0 

RiNHCh2-X dp) 

with the proviso, that the depicted carbonyl moiety 
attached to X may exist in its chemically reduced form, 
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i.e. OH 

Rl-NH-CH-CH-X , 

wherein X generically is Xi and X2, which when X is Xi 
-CP2Hf CP3 and C0NH2 are preferred, when X is X2 
then , 

R4 is selected from the Groups E, G and F with Gly being 
preferred, 

R5 is selected from Groups E and F with Ala being prefer- 
red and Y is -NHCH 2 CH(CH3) 2 or -NHCH2CH2CH (CH3> 2 / 

Rl is -P2-P3-P4 with P2 being selected from Groups E or F 
with Val being preferred, P3 is selected from Groups 
E or F with Val being preferred or is deleted and P4 
is selected from Group K preferably Iva, and 

R2 is selected from Groups E and F with Leu being 
preferred. The preferred compounds are: 

Iva— Val-Leu-CF2~CO— Ala— NH-CH 2 CH 2 CH (CH3) 2 
Iva-Val-Val-Leu-CF2-CNH-CHCNCH CCH3) 2. 

o 13c 8 

Iva-Val-Val-Leu [CF^-Glyl -N(Me) Ala-NHCH2CH2CH (CH3) 2 

Iva-Val-Val-Leu-CHF2 

Iva-Val-Val-Leu-CF3 

The compounds of the formula (Ip) inhibit pepsin and 
therefore exert an antiulcer effect useful in the treat- 
ment and prevention of ulcers. For their end-use applica- 
tion, the potency and other biochemical parameters of the 
enzyme inhibiting characteristics of the compounds of (Ip) 
are readily ascertained by standard biochemical techniques 
well known in the art. Actual dose ranges for their spe- 
cific end-use application will, of course, depend upon the 
nature and severity of the disease state of the patient or 
animal to be treated as determined by the attending diag- 
nostician. It is to be expected that the general end-use 
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application dose rang will b about O.oi to 10 mg per'kg *" " 
per day for an effective therapeutic effect. 

The compounds of formula I which are useful as inhi- 
bitors of Qithepsin D are r presented by the structural 
formula 



RlNHCHC-X (Iq) 
R 2 

wherein X generically is X x or X 2 which when X is Xi, the 
preferred groups are -C0 2 r 3 or -CF 3 , and when X is 

R4 is selected from Groups E and F with Phe being 
preferred, 

R5 is selected from Groups E and F with Ala being 
15 preferred, 

Y is -NH(CH 2 ) 2 CH(CH3) 2 or -NHCH^H (CH3 } 2 , 
Rl generically is -P 2 -P 3 -p 4 with P 2 being selected from 
Groups E and F, with Val being preferred, P 3 is 
selected from Groups E and F with Val being 
preferred, and P 4 is selected from Group K with CBZ 
being preferred, and 

R 2 is selected from Groups E and F, with Phe being 
preferred. The preferred compounds are: 



30 



CBZ-Val-Val-Phe-CF 2 -CO-Ala-Iaa 
CBZ-Val-Val-Phe-CF 2 H, 
CBZ-Val-Val-Phe-CF 3 , 

CBZ-Val-Val-Phe lCF 2 - Ph e]Ala-NH(CH 2 ) 2 CH(CH3) 2 , 
CBZ-Val-Val-Phe ICF 2 -p h e 3 Al a— NHCH 2 CH (CH 3 ) 2 , 
laa being isoamyl amide. 
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As inhibitors of Cathepsin D the compounds of formula 
(Ig) are useful for the same end-use applications set 
forth for human leukocyte elastase inhibitors (la) and are 
also useful as antidemyelinating agents useful to prevent 
5 and arrest nerve tissue damage. For their end-use appli- 
cation, the potency and other biochemical parameters of 
the enzyme inhibiting characteristics of the compounds of 
(In) axe readily ascertained by standard biochemical tech- 
niques well known in the art. Actual dose ranges for 

10 their specific end-use application will, of course, depend 
upon the nature and severity of the disease state of the 
patient or animal to be treated as determined by the 
attending diagnostician. It is to be expected that the 
general end-use application dose range will be about 0.01 

15 to 10 mg per kg per day for an effective therapeutic 



The compounds of formula I which are useful as inhi- 
bitors of angiotension .converting enzyme (ACE) are repre- 
sented by the structural formula 



effect. 



20 




0 
II 

C-X 



(Ir) 



wherein X is only X2 wherein, 

R4 is selected from Groups E or G with Gly being 



25 



preferred, 

R5 is selected from Groups A, B, C, D, E, F and G with 



Group D being preferred and Y is OH, 
Rl is selected from Group K with Bz being preferred, 
R2 is selected from Group E, F and G with Phe being 
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preferred. The preferred species are illustrated as 
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5 with 0 being phenyl. This preferred compound is also 



Other preferred compounds are - 
Bz-Phe [CF 2 -GlylPro-OH 
Bz-Phe-CF2-CO-Pro-OH 
10 B 2 _phe- rCF2-Gly 1 -Pro-OH 

The compounds of formula (Ir) inhibit ACE and are 
therefore useful as antihypertensives useful in treating 
hypertension. For their end-use application, the potency 
and other biochemical parameters of the enzyme inhibiting 

15 characteristics of the compounds of (Ir) are readily ascer- 
tained by standard biochemical techniques well known in 
the art* Actual dose ranges for their specific end-use 
application will, of course, depend upon the nature and 
severity of the disease state of the patient or animal to 

20 be treated as determined by the attending diagnostician. 
It is to be expected that the general end-use application 
dose range will be about 0.01 to 10 mg per kg per day for 
an effective therapeutic effect. 

The compounds of Formula I which are useful as inhi- 
25 bitors of enkephalinase are represented by the structural 
formula 



shown as Bz-Phe [CF2-<31yl Ind-OH- 



0 




CHC-X 



<ls) 



*2 
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wherein X generically r presents X2 wh rein, 

R4 is selected from Group E or F with Phe being preferred, 

R5 is selected from the Groups E or F or zero with the 

proviso that when R5 is zero, Y is NH2 / with Met 
5 being preferred and Y is NH2 or OH, preferably OH 

when R5 is Met or other cc-amino acid, 

Rl generically is -P2"P3# with P2 being Gly and P3 being 
selected from Group F or is deleted with Tyr being 

preferred, and 
10 R2 is Gly. The preferred compounds are: 

5-Ty r-Gly-Gly-CF 2 -co-Phe-Le u-OH , 
H-Ty r-Gly-Gly ICF 2 -Phe ] Met-OH 
H-Ty r-Gly-Gly [ CF 2 -Phe ] LeuNH2 
H»Tyr-Gly-Gly-CF2-CO-Leu-OH 

The compounds of formula (Is) inhibit enkephalinase 
and therefore are useful as analgesics. For their end-use 
application, the potency and other biochemical parameters 
Of the enzyme inhibiting characteristics of the compounds 
of (Is) a£e readily ascertained by standard biochemical 

20 techniques well known in the art. Actual dose ranges for 
their specific end-use application will, of course, depend 
upon the nature and severity of the disease state of the 
patient or animal to be treated as determined by the 
attending diagnostician. It is to be expected that the 

25 general end-use application dose range will be about 0.01 
to 10 mg per kg per day for an effective therapeutic 
effect. 

The compounds of Formula I which are useful as inhi- 
bitors of Pseudomonas elastase are represented by the 
30 structural formula 
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o 

RiNHCHC-X (It) 

wherein X generically is X2 with, 
5 R4 being selected from Groups E and F with lie being 
preferred, 

R5 is selected from Groups E and G with Ala being 

preferred and Y is NH2, 
Rl is -P2-P3 with P2 being selected from Group E with Ala 
10 being preferred, P3 is selected from Group K with 

MeOSuc being preferred, 
R2 is selected from Groups E and G with Ala being 

preferred. The preferred compounds -are: 

MeOSuc-Ala-Ala [CF2-Hel Ala-NH2 
15 MeOSuc-Ala-Ala-CF2-CO-Ile-Ala-NH2 

The compounds of the Formula (It) inhibit Pseudomonas 
elastase and therefore are useful as antibacterial agents 
particularly useful against infections caused by pseudo- 
monas bacteria. For their end-use application, the poten- 

20 cy and other biochemical parameters of the enzyme inhibi- 
ting characteristics of the compounds of (It) are readily 
ascertained by standard biochemical techniques well known 
in the art. Actual dose ranges for their specific end-use 
application will, of course, depend upon the nature and 

25 severity of the disease state of the patient or animal to 
be treated as determined by the attending diagnostician. 
It is to be expected that the general end-use application 
dose range will be about 0.01 to 10 mg per kg per day for 
an effective therapeutic effect. 
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The compounds of formula I which are useful as inhi- 
bitors of leucine aminopeptidase are represented by the 
formula 

0 

RlNHCHC-X (Iu) 
R 2 

wherein X generically embraces all of Xi and X2 which 

when X is Xi, CO2R3 or -CF3 are preferred and when X 
is X 2 , 

R4 and R5 each are any Group except K with Ala and Group E 
being preferred, Y is NH2 r 

Rl is hydrogen, and 

R2 is selected from Groups A, B, E, F and J with Phe, 

Leu, Glu and with Arg being preferred. The preferred 
compounds are: 

H-Leu-CHF 2 

H-Leu-CF 2 ^COOEt 

S-Arg-CF 3 

H- (£-gua) Phe— CF3 

K-Leu-CF3 and H-Leu-COOH, 

H-Leu[CF2-Ala]Ala-NH2 and H-Leu-COOMe or Leu-COOH 
H-Arg-C0-CF 2 -Phe-0H 

The compounds of formula (Iu) are inhibitors of 
leucine amino peptidase and therefore are useful as immu- 
nostimulants useful in conjunctive therapy in the treat- 
ment with other known anticancer agents. For their end- 
use application, the potency and other biochemical para- 
meters of the enzyme inhibiting characteristics of the 
compounds of (Iu) are readily ascertained by standard 
biochemical techniques well known in the art. Actual dose 
ranges for their specific end-use application will, of 
course, depend upon the nature and severity of the disease 
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stat of the patient r animal t be treated as determin d 
by the attending diagnostician. It is t b expected that 
the general end-use application dose rang will be about 
0.01 to 10 rag per kg per day for an effective therapeutic 
5 ffect. 

The compounds of Formula I which are useful as 
inhibitors of kallikreins, tissue or plasma, are 
represented by the formula 

a 

10 RlNHCHC-X (Iv) 

wherein X is X^ 

R2 preferably is the Arg residue , 
Rl is a peptide -P2P3 with 
15 P 2 being selected from the Groups F and E with 
Phe being preferred 
P3 being selected from Groups C, E or F, the residues 
of which may be in either the D- or re- 
configuration. The preferred compounds of this 
20 formula (Iv) are: 

D-Pr o-Phe- Ar g -CF 2 H 
D-Pro-Phe-Arg-CF3 
D-Pro-Phe-Arg-C0 2 H 
D-Pro-Phe-Arg-CONH 2 

25 The compounds of formula (Iv) are inhibitors of the 

kallikreins, tissue or plasma, and therefore inhibit kinift 
formations. Kinins, generally known to induce pain and 
vascular permeability associated with inflammation and 
infection, e.g. bacterial and viral, the inhibition of the 

30 kinin formation renders thes compounds useful in the 
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alleviation of pain and inflammation. Furthermore, these 
compounds are useful as male contraceptives in that th y 
will dramatically interfere with normal sperm function. 
In their end-use application dose range will be about 0.01 
to 10 mg per keg per day for an effective therapeutic 
effect. 
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Having defined the scope of compounds embraced within 
the g neric formula I and within th individual sub- 
generic groups of each of the 21 enzymes, the mann r in 
which such compounds may be prepared will hereinbelow be 
5 described as illustrated. 

The preparation of the compounds of formula I may be 
achieved using standard chemical reactions analogously 
known to be useful for the preparation of a variety of 
known peptides. Indeed, for the most part, once certain 
10 key intermediate a-amino acid derivatives are prepared, 
the procedures for obtaining the final products may 
-readily be effected using standard techniques known to 
those skilled in the field of peptide chemistry. For this 
purpose, a handy reference text for these techniques is 
15 the 1985 "The Practice of Peptide Synthesis" by M. 

Bodanszky and A. Bodanszky, wherein the parameters and 
techniques affecting the selection, use and removal of 
protective groups for individual and groups of amino acids 
is detailed, and which also contains activation and 
20 coupling techniques and other special procedures. How- 
ever, before the application of these peptide chemistry 
techniques may be applied, certain key intermediates con- 
taining the activated electrophilic ketone moiety must 
first be prepared. The preparation of the key 
25 intermediates is described as follows. 

For those compounds wherein Xi represents either 
^■CF 2 H or -CF3, the key intermediates required for the 
application of the standard peptide coupling techniques 
are compounds of formula Illa-b 



30 





o 

if 



Ilia 



Illb 
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wher in xi is -CF3 r -CP2Hr and R2 is as pr viously 
defined in formula I. Similarly, d signations Ri, R2, 1*3* 
R4, R5 and Y shown in the following reaction schemes A 
through D ar as defined in f rmula I, exc pt that any 
5 subgeneric or other modifications thereof (as in Xi) are 
highlighted by the use of a primed symbol with a specific 
designation for such modified symbol. The preparation and 
application of these compounds is depicted by Reaction 
Scheme A. 
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wherein R6 i» alkyl, phenyl or other equivalent moiety, 
and xi is -CP2H or -CP3. 

In general, the formation of the substituted azlac- 
tones (VI) is effected from the N-protected amino acids 
(V) by standard reaction conditions wherein the amino acid 
derivative <V> is heated in the presence of an acid an- 
hydride, the so-produced azlactone (VI) is reacted with a 
di- or trifluoroacetic acid anhydride or acid halide to 
give a fluorinated intermediate which (with or without 
isolation) is treated with anhydrous oxalic acid to 
produce the N-protected fluorinated ketone (VTI) whereupon 
the ketone is chemically reduced to its alcoholic amide 
VIII. The amide (VIII) is cleaved under standard acidic 
conditions to yield its amide acid salt (e.g., its 
hydrochloride (IX) ) . After neutralization, the alcohols 
(Ilia) may be coupled to Ri using standard peptide che- 
mistry techniques to produce compounds (X) which are sub- 
jected to the Swern oxidation procedure to obtain the 
desired products Xla and Xlb (the ketone or hydrate 
respectively) . Alternatively, the alcohols (Ilia) may be 
oxidized to the ketones (Illb) which are coupled to Ri 
according to standard peptide chemistry techniques. When 
employing this alternative route, the amino moiety is 
first protected with a Boc protecting group, the OH func- 
tion oxidized to its ketone via Swern oxidation proce- 
dures, and then the Boc protecting group removed and the 
resulting compounds (Illb) are then coupled to Ri- 

In effecting the foregoing reactions,, standard and 
well-known techniques analogously known are utilized, for 
example, the azlactones (VI) are chemically transformed to 
their di- or trifluoromethyl derivatives (their Xi deriva- 
tives) (VII) by heating the azlactone and the fluoroacetic 
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acid anhydride r acid halide r actants at temperatures f 
about 30° to 200°C for about 1-24 hours (although under 
very mild c nditions it may tak up t on we k> 
preferably using molar equivalent quantities of the 
reactants. In the event excess quantities of the 
anhydride reactant are used, such excess should be removed 
before the next step and the crude product is treated with 
anhydrous oxalic acid. The fluorinated ketone is reduced 
to its alcohol using excess quantities of sodium 
borohydride or any other suitable reducing agent, e.g., 
sodium cyanoborohydride. Following reduction, the 
reaction is quenched and the amide is cleaved under 
standard acidic conditions in water, alcohol or other 
hydroxy lie solvent* The solution is made basic and 
15 extracted to obtain the corresponding alcohol (Ilia). 

It is, of course, obvious to one of ordinary skill in 
the art that the conditions of the steps of Reaction 
Scheme A may have an impact on the R 2 side chain and thus 
procedures will have to be taken to protect those R 2 
moieties which are not compatible with the various reac- 
tion conditions. For example, R 2 moieties which belong to 
Group E are generally compatible. Similarly, R 2 side 
chain radicals from Groups F, J, and G are compatible. 
Radicals of Group A need protection. Since arginine may 
25 be considered as a derivative of ornithine, the ornithine 
derivative may first be prepared and then converted to the 
arginine side chain otherwise the guanidino function of 
the arginine moiety will have to be protected. The Group 
C radicals of serine, threonine and cysteine must be 
30 protected, preferably with an ether (e.g., benzyl ether). 
Preferably, the -OH and -SH functions of these groups are 
protected before the azlactone is formed. The (X) 
intermediate wherein x£ is -CF 3 and R 2 is H is known 
(Journa l of the American Chemical Society . 70 , 143 
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(1948)), and thus the CP2H analogs may be prepared using 
the analogous procedures. The carb xyl moiety f th 
Group B R2 side chains must also be protected. The need 
for the selection of the protecting groups and the 
reaction conditions for compatability , selective cleavage 
and other factors obvious to those skilled in the art are 
well known and appreciated by those skilled in this field 
of chemistry. 

For those compounds wherein Xi represents C02&3 r 
CONR3 or COR5Y t the key intermediates required for the 
application of the standard peptide coupling techniques 
have the formula 



OH 
XII 

with R3 being as previously defined for R3 except that H 
is omitted from its definition. 

The preparation and application of these compounds 
may be depicted by the following reaction scheme. (NB. 
The desired stereochemistry at the N-substituted carbon is 
obtained unless otherwise noted.) 
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wherein Pis the anion of the acid employed and R3, 
except for the exclusion of H, is as defined for R3 , and 
Pg is a suitable amino moi ty protecting group r and in XXV 
of reaction (b) Rl is the same as R 6jj-# and rS is other 

O 

them zero. 

Compounds XIII are generally known starting mate- 
rials. (In general r such materials may be prepared by 
converting the appropriate L-amino acid to its ester , 
preferably its methyl ester by standard esterif ication 
procedures (e.g., SOCI2 in the presence of alcohol), the 
ester is N-protected, preferably with di-t-butyl dicarbon- 
ate (Boc) . The so-protected R2~amino acid is chemically 
reduced to the desired aldehydic form (XIII) of the N- 
protected amino acid, preferably with diisobutylaluminum 
hydride (Dibal); all such procedures being by techniques 
well known in the art. Of course , other procedures for 
obtaining the same end products are readily available by 
techniques well known in the art. 

The reaction steps of Reaction Scheme B also use 
standard and well known techniques. For example, conver- 
sion of the aldehydes (XIII) to the corresponding cyano- 
hydrin is effected by reaction with a bisulfite (e.g., 
NaHS03) to obtain a bisulfite addition product XIV which 
is treated with a metallocyanide (e.g., KCN) to produce 
the corresponding cyanohydrin (XV) . Of course, other 
procedures are readily available for the conversion of the 
aldehyde to the cyanohydrin derivatives (XV) . The cyano- 
hydrins are heated in a mixture of an aqueous acid and 
water miscible solvent such as an ether (preferably dio- 
xane) to form the desired hydroxy acid (XVI) as a mixture 
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of its diastereoisomers. Th se compound's ar su9JeS5?\3 
n utilization and purification by standard procedures, 
such as i n exchang resin chromat graphic t chniques, to 
yield pr ducts which are st rifi d to btain th desired 
k y intermediat s (XII). 

In effecting BCa), the amino esters (XII) are coupled 
with the Ri moiety according to standard peptide coupling 
techniques, taking care that the protective group utilized 
(if any) are selectively cleavable over the CO2R3 moiety. 
Oxidation of the coupled products is best achieved with 
the swern reaction to convert the alcohol to its keto form 
which, as noted above, can exist in equilibrium with its 
hydrate. 

In effecting B(b) , the ester (XVII) is treated with 
an amine (R 3 NH 2 ) to give the amide (XIX) which may be oxi- 
dized via the Swern oxidation procedures to its keto amide 
(XX) . in this instance oxidation conditions other than 
that of the Swern conditions may also be employed (e.g. 
oxidation with pyridinium dichromate) . 

In effecting B(c), the keto ester (XVIll) is. treated 
with a base (e.g., LiOH) to give its keto acid (XXI) 
except in the case when R 2 contains a terminal methoxysuc- 
cxnyl moiety in which case the r| must be selectively 
cleavable, e.g., rJ ought to be t-butyl or benzyl which 
are selectively cleaved under acidic or hydrogenolysis 
conditions respectively, in effecting step B(d) the keto 
acid (XXI) is converted to its amide by standard coupling 
procedures. 



In effecting B(e) , the acid is coupled with R 5 y 
according to standard procedures, taking care to protect 
and deprotect as needed in the light of the various groups 
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in the definition of R5 and Y. In reaction B(f) the ester 
(XVII) is converted to an amide and the amide oxidized 
according to Swern oxidation conditions. 

As noted above (following the discussion of Reaction 
Scheme A) , the conditions of the foregoing reactions in 
the obtehtion of the desired intermediates and final 
products of Reaction Scheme B are effected taking care 

that the R2-side chain radicails are compatible. Although 
Groups E, F and G are generally compatible/ protection o£ 

some R2 side chains will be necessary. For example , his- 
tidine will have to be protected, while tyrosine and tryp- 
tophan ought be protected in order to improve overall 
yields. Again, ornithine must have its terminal delta 
amino group protected and ornithine may be converted to 
arginine. A protecting group would also be needed on a 
guanidino group. All amino aids, eg. cysteine and 
threonine having reactive groups in their side chain 
preferably are protected. 

In the preparation of those compounds wherein X2 is 
CF2CHCOR5Y, the intermediates will be those compounds 
R 4 

of the formulae 

xxiva XXIVb 

which compounds may be prepared and applied according to 
Reaction Scheme C. 
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The azlactone (VI) is prepared as in Reaction scheme 
A and the steps going from VI to XXV are analogous to 
those of that Scheme except that the azlactone is treated 
with an unsaturated fluorinated carboxylic acid anhydride, 
and the product is treated with anhydrous oxalic acid to 
produce compounds XXV. Utilizing these intermediates 
(XXV) several pathways may be utilyzed to obtain the 
desired products. In one pathway (C-l) the intermediate 
is sequentially subjected to a) a chemical reduction of 
the electrophilic ketone, and b) hydrolysis of the amide 
by standard procedures prior to coupling the Ri moiety. 
The coupling is readily accomplished using standard 
peptide chemistry coupling procedures (already referenced) 
to produce compounds of formula XXVI these intermediates 
are also available for alternate pathways, i.e., C-la or 
C-lb. In pathway Ola the intermediates are sequentially 
treated with a) ozone according to standard ozonolysis 
procedures to produce the corresponding ozonide, b) 
treatment with dimethylsulf ide to convert the ozonide to 
its aldehydic form and (c) oxidation, preferably using the 
Jones oxidation procedure to produce compounds of formula 
XXIVa, These compounds (XXIVa) are sequentially subjected 
to a) R5Y coupling and b) Swern oxidation reactions 
according to already described standard procedures. In 
those instances wherein it is desired to first protect the 
hydroxy group, pathway Cl-b is available. This pathway 
essentially mimics C-la except that the hydroxy function 
is protected prior to ozonolysis and the hydroxy 
protecting group (i.e. R7) is removed in preparation for 
the Swern oxidation reaction. Typical protecting groups 
compatible with the described reactions can be used. 
Preferably the methoxyethoxymethyl group is utilized and 
is readily removed prior to the Swern oxidation by 
standard techniques such as by treatment with Zn Br2. 
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In pathway C-2 the intermediates are direct 
subjected to the abov described sequential reactions 
(ozonolysis, tr atment with DMS, and oxidation) to produce 
compounds of formula XXIX which in preparation for R 5 Y 
coupling are converted to the spiro lactones of formula 
XXX. Coupling, and deprotection (if necessary) produce 
the desired compounds XXXI using standard techniques. 

Pathway C-3, a variation of pathway C-lb, first 
reduces the electrophilic ketone to a hydroxy function 
which is protected with a suitable protecting group (e.g. 
methoxyethoxymethyl) and the resulting compounds XXVI axe 
subjected to (a) ozonolysis, treatment with DM£, and the 
Jones oxidations, (b) R 5 y coupling and deprotection 
reactions, and (c) swern oxidation, (all of these 
reactions being done according to the above described 
procedures for these reactions) to produce the desired 
compounds of formula XXXI. 

In those instances wherein dif luorinated acid anhy- 
drides are required for the preparation of the flupro- 
methyl azlactones, such anhydrides may be prepared by 
reacting tetraf luoroethylene (F 2 C:CP2) with an 
R4CH-CHCH20H reactant in the presence of a base (e.g. NaH) 
and the so-desired R 4 CH=CHCH20CF2-CF 2 H intermediate is 
treated with butyllithium to produce an acid fluoride 
(FC-CF 2 CHR4CH=CH2) which is converted to its anhydride 

o 

by standard procedures. Here again, it is obvious that 
compatibility features must be facilitated to ensure that 
the relevant groups can withstand the butyllithium 
reaction; thus the * 4 moi ety has to be protected when 
incompatible with the butyllithium reaction. 
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For those comp unds wherein X2 represents 

0 

the key intermediates us ful for the preparation of the 
compounds of formula I bearing this group will be of the 
formulae 



XXXII XXXIII 

the preparation and application of which is depicted by 
Reaction Scheme D. 
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wherein Pg is a protecting group. suitably stable to the 
reacti n steps involved and which is selectively cleaved 
following R5Y coupling and the initial alkylation of 
XXXIV/ R' 5 Y is as for RgY except that Rg optionally contains 

a pr o bee t i ng group. 

Following the initial step of alkylating the N- 
protected aldehyde of formula XXXIV with an appropriate 
halide in the presence of zinc, the steps following the 
obtention of compounds XXXV follow the analogous proce- 
dures already described for Reaction Schemes A-C. 
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Having generally describ d the procedures by which the 
compounds of this invention may be prepared, the following 
specific examples serve to further illustrate the standard 
techniques and procedures which may be utilized to prepare 
5 the enzyme inhibitors of this invention (I) . 

EXAMPLE 1 

Nl-(2-Hvdroxv-3 .3-dif luoro-l-isobut vl-5-hexenvl) -N2- 
isovalervl valinamide 

To a solution of 0.621 g (3 mmol) of 6-amino-4,4- 
10 difluoro-8-methyl-l-nonen-5-ol (obtained from the corres- 
ponding HC1 salt by treatment of aqueous solution with 4N 
NaOH and extracted with Et20) and 0.603g (3 mmol) of N— 
isovaleryl valine in 30 ml THP at 0°C was added 0.62 g of 
dicyclohexyl carbodiimide. The mixture was stirred for 15 

15 hours at 25°C, filtered and the filtrate concentrated to 
yield a semisolid which was dissolved in CH2CI2- The 
organic layer was washed with IN HC1 aqueous KHCO3 and then 
brine, dried (MgS0 4 ) and flash evaporated to afford a 
solid, which was purified further by chromatography in Si0 2 

20 (CHCl3/Et20 (2s 1)). The product containing fractions were 
combined, flash evaporated to give the desired product. R f 

0.15 (CHC1 3 /Et20) (2:1)). 

EXAMPLE 2 

3-Phenacetvlamino-l .1 .1-tr if luoro-2-propanol 
25 To a mixture of 1.3 g of 3-amino-l,l , 1-trif luoro-2- 

propanol HC1 and 1.62 g of triethylamine in 26 ml of THF at 
0°C under nitrogen was added dropwise a solution of 1.27 g 
of phenacetylchloride in 5 ml THF. The reaction mixture 
was allowed to warm to 25 °C and then stirred for 1 hour. 
30 The mixture was diluted with CH2CI2 and washed with H2O, 

twice with 0.1N HC1, and then brine. After drying (MgS0 4 ) , 
the solvent was flash evaporated and the residue (1.8 g) 
recrystallized from CH2CI2 to yield 1.4 g of product; M.P. 
96°C. 
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EXAMPLE 3 

Nl-(2-Hvdro*v-3.3.3-fcrifluoro -l-isopropvl propyl) n2- 
phenvlmethvloxvcarbor vyl-Prol 1 "amide 

To a mixture of 1.1 g of N-phenyl»ethyloxycarbonyl 

5 proline TDO-ester (Cf Hollitzer, Seewald and Steglichm Ang. 
int. Edit. 1976, Vol. 15, 444) and 0.42 g of 3-amiho-l,l,l-r 
trifluoro-4-methyl-2-pentanol hydrochloride in 50 ml of 
CH2CI2 was added dropwise 0.40 g of triethylamine. After 
stirring for 14 hours at 25°C, aqueous KHSO4 was added, the 

10 layers separated and the organic layer washed with aqueous 
KHSO4 , aqueous KHCO3, H2O and then brine (2x) . After 
drying (MgSC>4) , solvents were flash evaporated to yield 
0.54 g of a solid residue which was recrystallized in Et 2 0 
to give 0.24 g of the analytically pure expected amide; mp. 

15 99°C. 



EXAMPLE 4 

3-fcert-ButvloxYcarbonvl amino-1 . 1 .l-trifluoro-5-methyl-2- 
hexanol 

A mixture of 0.5 g of 3-amino-l,l,l-trif luoro-5- 
20 methyl- 2-hexanol HC1, 0.5 g Qf di-tert-butyl dicarbonate 
and 0.45 g of KHCO3 in 1.6 ml in 1.6 ol of H20/dioxane 
(1:1) was stirred at room temperature for 14 hours. Workup 
in Et 2 0/H 2 0 gave, after washing of the organic layer with 
aqueous NaHS0 4 , H2O and brine and drying (MgS04) followed 
25 by flash evaporation of the solvents 0.55 g of the expected 
Boc derivative, Rf 0.44 (Et20/pentane (1:1)). 



EXAMPLE 5 

3-Phenacetvlafflino-l .1 -1-trif lu oro-2-propanone 

To a solution of 0.84 g of oxalyl chloride in 5 ml of 
30 CH 2 Cl2 at -55°C (inside temperature) was added 1.03 g of 
dimethylsulf oxide in 1 ml of CH2CI2- After 5 minutes at 
-55°C, 1.0 g of 3-phenacetylamirto-l,l, 1-trif luoro-2-pro- 
panol in 5 ml CH 2 C1 2 and 0.2 ml of DMSO were added. The 
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mixture was stirred for 15 minutes at -55°C and then tri- 
e thy 1 amine was added to adjust the pH to 7.0. The mixture 
was allowed to warm to 25°C, diluted further with CE2CI2 
and washed with B2O and then IN HC1. The organic layer was 
5 dried (MgS04) , flash evaporated to yield the amide ketone, 
which was purified further by chromatography on SiC>2 

(CHCl3/Et20 (2:1)). Rf 0.29. The product containing 
fractions were combined and solvent was evaporated under 

reduced pressure to yield the desired product as a mixture 

10 of ketone and hydrate. 

EXAMPLE 6 

3-tert-Butvlbxvcarbonvlamino-l .1 ,1-trif luor o-5-methvl-2- 
hexanone 

The named product was prepared by the procedure of 
15 example 5 except that 3-tert-butyloxycarbonylamino-l ,1 ,1- 
trif luoro-5-methyl-2-hexanol is used in place of 3- 
phenacty lamino-1 , 1 , 1-tr if luor o-2-pr opanol . 

EXAMPLE 7 

N X- (2-6xo-3 .3-dif luoro-l^isobutvl-5-hexenvl) ~N 2 -isovalervl 

20 valinamide 

To a solution of 0.1 ml of oxalyl chloride in 2.5 ml 
of CH2CI2 cooled to -55°C was added 0.17 ml of DMSO in 2.5 
ml of CH2CI2. After stirring for 5 minutes at -55°C, 
0.295 g of N* — ( 2— hydroxy— 3 , 3— dif luoro— isobutyl— 5— hexenyl) — 

25 N2-isovaleryl valinamide, in a mixture of 2 ml of CH2CI2 
and 0.4 ml of DMSO, were added. The mixture was stirred 
for 15 minutes at -55°C and then triethylamine (about 0.5 
ml) was added to adjust the pH of the solution to 8. The 
mixture was allowed to warm to room temperature, then 

30 diluted with CH2CI2 and washed with H2O, then with IN HC1. 
The organic layer was dried (MgS04> , then flash evaporated 
to yield 0.270 g of the expected ketone. Rf 0.3 
(CHCl3/Et20 (2:1) ) . 
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EXAMPLE 8 

5-Benzovlamino-3 ,3-dif luoro-4-oxo-6"Phenvlhexanoic acid 

A solution of (2-benzoylamino-4,4-difluoro-7-phenyl-6- 
hepten-3-one (1.72 g, 5 mmol) in dichl or ome thane (200 ml) 

5 was treated with 0 3 at -7 8°C for 12 minutes (about 6 mmol 
O3) . Dime thy Isul fide (2 ml, 0*033 mol) was added and the 
solution allowed to warm to room temperature. After 
removal of solvents (20 Torr, 30°C and 0.05 Torr, 3 0°C) a 
slightly colored oil was obtained, which contained free 

10 aldehyde, present in about 70% according to H-NMR (CHO 
versus 2 CH2) . 

A solution of the oil in acetone (7.5 ml) was treated 
with a Jones-solution (7.5 ml, 1 M Cr03/H2S04) overnight. 
The organic layer was separated and the aqueous phase 
15 extracted with AcOEt (4 x 10 ml). The combined organic 
layers were washed with brine, dried (MgS04) and flash 
evaporated to yield 1.7 g of the crude acid. 

EXAMPLE 9 

N l- (2-Oxo-3 .3-D If luoro-l-isobutvl-5-carboxvlpentvl) ?n 2- 
20 isovalervl-valinamide 

The above-named product was prepared from N r -(2-oxo- 
3 ,3-dif luoro-l-isobutyl-5-hexenyl) -N 2 -isovaleryl valinamide 
by the procedure of example 8. 



EXAMPLE 10 

25 6 ,6-Dif luoro-2-phenvl-4-phenvlmethvl-3-aza-l . 9-dioxaspiro- 
(4,4) non-2-en- 8- one 

A solution of crude 5-benzoylamino-3,3-difluoro-4-oxo- 
6-phenyl hexanoic acid (1.37 g, 3*8 mmol) in 10 ml THF was 
kept under N2 and cooled to 0°C. Pyridine (0.32 ml, 327 
30 mg, 4.1 mmol) was added slowly. After stirring for 10 
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minutes at 0°C, the solution was cooled further to -10*C, 
and oxalyl chloride (0.35 ml, 508 rag, 4 mmol) was added. 
Gas evolution occurred and the mixture was allowed to warm 
to 0°C, when a second addition of pyridine (0.32 ml, 327 

5 mg, 4.1 mmol) was added slowly. The mixture was warmed to 
40 °C over 30 minutes, when gas evolution had ceased. AcOEt 
(60 ml) and water (5 ml) were added, the phases separated, 
and the organic layer washed with 0.1 HC1, aqueous NaHC03, 
and water (each 2x5 ml). After drying (HgS0 4 ) the solvents 

10 were removed (20 Torr, 40°C) to yield 1.1 g of crude lac- 
tone derivative as a yellow colored oil, which crystallized 
upon addition of hexane. Recrystallization (AcOEt/hexane , 
1:10) afforded 830 mg of pure lactone derivative as 
colorless needles; mp. 145°C. 

!5 EXAMPLE 11 

N- ( 5-Benzovlamino-3 , 3-d i f luor o-1 . 4-dioxo-6~ohenvlhexvl 1 -S- 

indoline-9-carboxvlic acid , ohenylmethyl ester 

A mixture of indoline-2-carboxylic acid 
phenylmethylester hydrochloride (1.16 g, .4 mmol) in Et 2 0 

20 and H2O (ea. 5 ml) was treated with Na2C03 (solid) and 

stirrsd for 10 min. The organic layer was separated and 
the aq. layer extracted with Et 2 0 (2 x 10 ml). The 
combined organic phases were dried (MgS04) and flash 
evaporated (20 Torr, 30°C, and then 0.05 Torr, 30°C) . The 
25 only residue (960 mg) was dissolved in chloroform (3 ml). 

1 ml (about 320 mg, 1.26 mmol of indolinecarboxylic 
acid phenylmethyl ester of the above solution was added to 
6 ,.6-dif luoro-2-pheny l-4-phenylmethyl-3-aza-l , 9-dixoaspiro- 
(4,4)non-2-en-8-one (365 mg, 1.06 mmol) dissolved in 1 ml 
30 of chloroform. After stirring 40 hr. at 40°C, solvents 
were evaporated (20 Torr, 30°C) to give an oily residue, 
which was purified by chromatography on silica gel (10 g, 
230-400 mesh, eluent :pentane/AcOEt (20:3)). The product- 
containing fractions were combined and solvents removed 
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under reduced pressure to give 500 mg of the expected 
peptide as an oil. 

EXAMPLE 12 

N- (5-Benzoylamino-3 ,3-dif luoro-1 ,4-dioxo-6-phenvlhexvl) - 
5 (S) -indoline-2r-carboxvlic acid 

A mixture of N- (5-benzoylamino-3 r 3-dif luoro-l,4-dioxo- 
6-phenylhexyl)-S-proline phenylmethyl ester (500 mg, 0.84 
mmol) and 100 mg Pd/C in i-PrOH (30 ml) was hydrogenated 
under atmospheric pressure for 12 hours at 25°C. The 
10 mixture was filtered and the filtrate flash evaporated to 
yield 350 mg (82%) of the expected acid as a colorless oil. 

EXAMPLE 13 

2 ,2-Dif l uoro-4-pentenoic acid anhydride 

A suspension of silver oxide in water was prepared by 

15 adding a solution of NaOH (1.76 g, 0.044 mol) in water (100 
ml) to an aqueous solution of silver nitrate (7.14 g, 0.042 
mol in 100 ml) , decanting the supernatant liquid, washing 
the residue with water (3 x 100 ml) and adding 100 ml of 
water. To this vigorously stirred suspension was added a 

20 solution of 2 ,2-dif luoro-4-pentenoic acid (5.44 g r 0.04 
mol) in water (100 ml). After 10 minutes the mixture was 
filtered and the filtrate concentrated (20 Torr, 3 0°C) to 
afford a solid residue; which was dried over phosphorus 
pentoxide (0*05 Torr r 50°C, 24 hours) to give 8.4 g (87%) 

25 of silver 2, 2-difluoro-4-pentenoate; a white amorphous 
powder. A suspension of 7.3 g (0.03 mol) of the silver 
salt in 50 ml of dichl or ©methane was stirred under nitro- 
g n, cooled to 0°C and then 1.9 g (1.3 ml, 0.015 mol) of 
oxalyl chloride was added slowly. The cooling bath was 

30 removed and the reaction mixture allowed to warm up to room 
temperature. Heating to 40°C for 30 minutes completed the 
reaction. Cooled again to room temperature, the super- 
natant liquid was decanted and th residue washed with 
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dichloromethane (2 x 5 ml) . The organic layers were 
combined and the solvents removed by distillation at 
atmosph ric pressure. The so-obtained oily residue was 
then purified by distillation yo yield 2.85 g of very 
5 hydroscopic 2,2-dif luoro-4-pentenoic acid anhydride, bp 
78-80°C,/20 Torr. 

EXAMPLE 14 

9-Bgnzovlamino-l-phenvl-4 ,4-d if luoro-6-hepten-3-one 

A mixture of 2 ,2-difluoro-4-pentenoic acid anhydride 
.0 (2.80 g, 0.011 mol) and 2-phenyl-4-phenylmethyl-5 C 4H) - 

oxazolinone (2.60 g, 0.0104 mol) was stirred under nitrogen 
for 20 hours at 60°C (oil bath temperature) to give a 
lightly red solution. The reaction mixture was then 
evaporated (0.05 Torr, 40°C) to afford a highly viscous 
L5 oil, to which under exclusion of moisture, anhydrous oxalic 
acid (1.0 g, 0.011 mol) was added and the mixture was 
heated for 15 minutes (110-120°C, oil bath temperature) . 
After the violent gas evolution had ceased, the oil was 
allowed to cool to 25°C and then dissolved in a mixture of 
20 40 ml of ethyl acetate and 10 ml of water. The organic 

layer was separated, washed with aqueous sodium bicarbonate 
(3x), brine, dried over magnesium sulfate and flash 
evaporated (20 Torr, 30°C) to afford a red oily residue 
(2.4 g) , which was purified further by flash chromatography 
25 on silica gel (50 g, 230-400 mesh, pentane/ethyl acetate 
(3:1)), Rf 0.6. The product-containing fractions were 
combined and evaporated to give 2.2 g of a solid, which was 
recrystallized (ether acetate/pentane) to yield 2.04 g of 
2-benzoylamino-l-phenyl-4 ,4-dif luoro-6-hepten-3 -one as 
30 white needles (59%); mp. 98°C. 

EXAMPLE 15 

6-Renzovlamino-4 ,4-dif luoro- a-methvl-l-nonen-5-one 

The above-named product was prepared from 2-phenyl-4- 
isobutyl-5- (4H) oxazolinone by the same procedure of the 
35 preceding example (yield 73% as oil) . 
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EXAMPLE 16 

N-(3 ,3 .3- trifluoro-2-oxo-l-(phenvlmethvl) propyl) benzamide 

2.51 g (0.01 mol) of 2-phenyl-4-phenylmethyl-5 (4H) oxa- 
zolinone and 2.52 g (0.012 mol) of trif luoroacetic anhy- 
5 dride are stirred under N 2 for 24 hours at 3 5-40°C (oil 
bath temperature) . After cooling to ambient temperature, 
the excess of trif luoroacetic anhydride and the acid formed 
are flash evaporated (0.01 T6rr r 30-50°C). 1.35 g (0.015 
mol) of freshly sublimed anhydrous oxalic acid (0.01 Torr r 

10 80-100°C) is added and the mixture heated under stirring to 
110°-120°C (oil bath temperature) . After gas evolution has 
ceased (10-15 minutes) the mixture is allowed to cool to 
ambient temperature and stirred for about 1-2 minutes with 
a mixture of ethyl acetate and H2O (10/1). Phases are 

15 separated and the organic layer washed with a solution of 

NaHC03 then brine (each 3 x 20 ml) . Drying (MgSC>4) and 

flash evaporation (20 Torr and 0.01 Torr/30°C) affords a 
solid which can be crystallized from ethyl acetate/hexane 
to yield 2.02 g (63%) of the expected trif luoromethyl 

20 ketone: hydrate mixture as a white powder; mp. 163 °C. 

EXAMPLE 17 

N-t3 »3-Dif luoro-2-oxo-l-(phenvlmethvl) propyl] benzamide 

The above-named product was prepared in 50% yield by 
the preceding procedure except that difluoroacetic 
25 anhydride was used in placed of trif luoroacetic anhydride; 
mp. 136°C. 

EXAMPLE 18 

N-t3 *3 ,3-Trifluoro -2-oxo-(4-nitroohenvlmethvl) propyl! - 
benzamide 

30 The above-named product was prepared in 55% yield by 

. the preceding procedure (example 16) except that 2-phenyl- 
4(4-nitro-phenyl)methyl-5(4H) oxazolinone was used in place 
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of 2-phenyl-4-phenylmethyl-5(4H)oxaz linone: hydrate 
mixture; mp. 175°C. 

EXAMPLE 19 

N-t2-(4-Aminoiminomethvl amino ohenvl) -1-tr if luoroacetvl 

5 ethvll benzamide. hydro chloride 

A suspension of 1.77 g (0.0054 mol) of N-benzoyl-(4^ 
guanidino) phenylalanine in 10 ml (1.43 8g/0.07 mol) of 
trifluoroacetic anhydride is stirred at 40°C (oil bath 
temperature) for 20 hours. The clear solution is flash 

10 evaporated (0.01 Torr, 40°C) and treated with anhydrous 
oxalic acid as described in the synthesis of N-£3,3,3- - 
trifluoro-2-oxo-l-(phenylmethyl) propyl] benzamide, to yield 
1.2 g (53%) of the expected trif luoromethyl ketone : hydrate 
mixture as a white powder; mp. 96°C. 

15 EXAMPLE 20 

N-[3 ,3 ,3-Trif luoro-2-oxo-l-(2-methvlethvl ) propyl] benzamide 

The above-named product was prepared in 23% yield by 
the procedure of example 16 except that 2-phenyl-4- (2- 
methylethyl) -5- (4H) oxazolinone was used in place of 2- 
20 phenyl-4-phenylmethyl-5-(4H) oxazolinone; mp. 94°C. 



EXAMPLE 21 

tt- 3 ,3 ,3-Trif luoro-2-oxo-l t (4-Phenvlmethvloxvcarboxa mide) - 
butvl propyl benzamide 

The above-named product (as an oil) was prepared in 
>5 56% yield by the procedure of example 16 except that 2- 
phenyl-4 ( 4-phenylmethyloxycarboxamido) buty 1-5- 
(4H) oxazolinone was used in place of 2-phenyl-4- 
pheny Imethy 1-5- ( 4H) oxazol inone . 

EXAMPLE 22 

30 N- ( 1-Trif luoroacetvl-3-methvl butvl) benzamide 

The above-named product (as an oil) was prepared in 
33% yield by the procedure of example 16 except that 2- 
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phenyl-4-isobutyl-5- (4H) -oxazolinone was used in place of 
2-phenyl-4-phenylmethyl-5- (4H) -oxzolinone. 

EXAMPLE 23 

N-(3 ,3 ,3-Trifluoro-2-oxo-propyl) hgn«gaTni*rig> 
5 A solution of 7.57 g hippuric acid and 17.4 ml of tri- 

fluoroacetic anhydride in 60 ml of anhydrous acetone was 
stirred at 25°C for 16 hours under N2 to yield a red pre- 
cipitate, which is isolated by filtration. Refluxing the 

red solid in 50 ml of H 2 0 for 1 hour gave a solution, which 
10 was extracted with AcOEt • The organic layer was dried 

(MgS04) and flash evaporated to yield crude product which 
is recrystallized from benzene to give 4.15 g of 
analytically pure product; mp. 105°C (decomp) . 

EXAMPLE 24 

15 3-Benzovlamino-l ,1 ,1-trif luoro-2-propanol 

A solution of 10 g (0.263 mol) of NaBH 4 in 100 ml of 
H2O was added to 14.8 g (59.4 mmol) of N- (3 , 3 ,3-trif luoro- 
2-oxo-propyl)benz amide in 1000 ml of H2O. After stirring 
for 2 hours at 25°C, the solution was acidified with 

20 concentrated HC1 (pH 1) , basif ied by adding NaOH pellets 
(pH 10) and extracted with AcOEt (3 x 500 ml) . After 
drying (MgSO^j) , the organic layer was flash evaporated to 
give 11 g of a white solid, which was recrystallized from 
CHCI3 to yield 10.0 g (72%) of pure trif luoromethyl 

25 alcohol; mp. 156°C. 

EXAMPLE 25 

6- Benzoyl amino- 4 ,4-dif luoro-8-methvl-l-nonen-5-ol 

The above-named product was prepared from 6-benzoyl- 
amino-4 r 4-difluoro-8-methyl-l— nonen-5-one by example 24 
30 except that the alcohol was purified by chromatography on 
silica gel (eluent EtOAc/hexane (1/5)); mp. 110°C. 
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EXAMPLE 26 

3-Bengovlamino-l .1 ,1-trif luo ro-4-methvl-2-pentanol 

The above-named product was prepared from N-(3,3,3- 
trif luoro-2-oxo-l- ( 1-methylethyl) propyl) benzamide by 
5 example 24 in 77% yield; mp. 150°C. 

EXAMPLE 27 

3-Benzovlamino-l ,1 ,1-trif luoro-5-methvl-2-h exanol 

The above-named product was prepared from N-(l- 
trifluoroacetyl-3-methylbutyl) benzamide by the procedure of 
10 example 24 in 80% yield. 



EXAMPLE 28 

3-Amino-l .1 .l-trifluoro-2-propanol hy drochloride 

A mixture of 3 g (12.9 mmol) of 3-benzoylamino-l ,1 , 1- 
trif luoro-2-propanol in 26 ml of H2O, 26 ml of concentrated 
HC1 and 26 ml of ethanol was refluxed for 20 hours, then 
concentrated under reduced pressure. The residue was 
dissolved in water and extracted with diethyl ether. The 
aqueous layer was then concentrated to give a solid residue 
which was recrystallized from isopropanol/diethyl ether to 
yield 1.37 g of the fluorinated amino alcohol. 

EXAMPLE 29 

3-Amino-l .1 ,1-trif luoro-4-methvl-2-pentanol hydr ochloride 
The above-named product was prepared from 3-benzoyl- 
amino-l ,1 ,1-trif luoro-4-methyl-2-pentanol in 75% yield by 
the procedure of example 28. Rf 0.37 (AcOEt/Et3N (20:1)). 

EXAMPLE 30 

3-Amino-l ,1 ,1^-trif luoro-5-methvl^2-hexan ol hydrochloride 

The above-named product was prepared from the corres- 
ponding 3-benzoylamino derivative, mp. 2 83°C; Rf 0.7 8 
30 (EtOH/NH 4 OH, (70/30)) by the procedure of example 28. 



15 



20 
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EXAMPLE 31 

6-Amino-4 r4-dif luoro-8-methvl-l-nonen-5-ol hydrochloride 

The above-named product was obtained by the procedure 
of example 2 8 in 89% yield from the corresponding 6- 
5 benzoylamino derivative. 

EXAMPLE 32 

4-N-tert-Butoxvcarbonvlamino 2,2-difluoro 3-hvdroxv 6- 
methvl heptanoic acid ethvl ester 

To a refluxing suspension of 0.196 g of activated zinc 

10 wool in anhydrous tetrahydrofuran (3 ml) is added a solu- 
tion of 0.618 g (3mmol) of ethyl bromodifluoroacetate in 
anhydrous THP (1 ml) . After the reaction starts, a 
solution of 0.5 g (2.32 mmol) of N-tert-butoxycarbonyl 
leucinal is added. The mixture is left at gentle reflux 

15 for 1 hour. The reaction mixture is then cooled, quenched 
by addition of ethyl acetate (10 ml) , brine and 1M KHSO4. 
The organic layer is dried over anhydrous MgS04, evaporated 
and purified by flash chromatography (silica gel, 10% 
EtOAc/cyclohexane) yield, 0.210 g, Rf 0.65 

20 (EtOAc/cyclohexane, 1:1). 

EXAMPLE 33 

4-N-tert-Butoxvcarbonvl amino 2,2-difluoro 3-hvdroxy 6- 
methyl heptanoic acid 

A solution of 0.0285 g (0.6 8 mmol) of LiOH, H2O in 

25 water (2 ml) is added at 0°C to a mixture of 0.210 g (0.62 
mmol) of 4-N-tert-but oxy car bony lamino 2,2-difluoro 3- 
hydroxy 6-methyl heptanoic acid, ethyl ester in 1,2- 
dimethoxye thane (DME) (5 ml) . The temperature is allowed 
to raise slowly to room temperature. The mixture is 

30 stirred at room temperature overnight. The mixture is 
diluted with water (10 ml) washed with diethyl ether (10 
ml) . The aqueous layer is acidified to about pH 2 with 
0.1N HC1, extracted with diethyl ether (2x 10 ml). The 
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combined organic layers is washed with brine and dried over 
anhydrous MgS04. Filtration and removal of the solvent in 
vacuo yields the expected acid which is recrystallized from 
diethyl ether /pentane. 

EXAMPLE 34 

4-N-tert-Butoxvcarbonvlamino 2.2-dif luoro 3-hvdroxv N— ( 1— 
isoamvlaminocarbonvl ethvD -6-methvlheptanamide 

To a mixture of 0.194 g (1 mmol) of alanine isoamyl 
amide hydrochloride in methylene chloride (or DMF) (5 ml) 
is added 0.101 g (1 mmol) of triethylamine at 0°C. 4-N- 
tert-butoxycarbonylamino-2,2-difluoro-3-hydroxy-6-methyl 
heptanoic acid (0.311 gX and 1-hydroxybenzotriazole (0.202 
g) are added, followed by the addition of DCC (0.206 g f 1 
mmole) in methylene chloride (5 ml) . The reaction mixture 
is allowed to warm up slowly to room temperature and 
stirred for 12 hours at that temperature. Dicyclohexylurea 
is filtered, and the filtrate evaporated under reduced 
pressure. The residue is dissolved in ethyl acetate, 
washed successively with cold IN HC1, IN NaOH and dried, 
over anhydrous MgS0 4 . The amide is purified by column 
chromatography (silica gel, EtOAc/cyclohexane ; 1:1, Rf 0.22 
(EtOAc/cyclohexane, 1:1). 

EXAMPLE 35 

4-Amino 2,2-difluoro 3-hvdroxv N- ( isoamvla minocarbonvl— 
25 ethvl) 6-methvl-hePtanamide hydrochl oride 

4-N-tert-Butoxycarbonylamino 2,2-difluoro 3-hydroxy N- 
1-isoamyiaminocarbonylethyi) -6-methyl heptanamide (0.457 g) 
is dissolved in a solution of about 4N HC1 in diethylether 
(5 ml) and stirred at room temperature for 14 hours. After 
30 the removal of excess reagent under reduced pressure, the 
solid residue was triturated with ether, to form a solid 
which is dried, in vacuo for 8 hours. Rf 0.63 
(AcOH/butanol/H 2 0; 2:6:2) . 
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EXAMPLE 36 

4-1 (2-N-isovale3rvlamino-3-methvl-l-oxobutvl ) amino! 2,2- 
dif luoro 3-hvdroxv-N- (1-isoamvlaminocarbonvlethvl) 6-methyl 
heptan amide 

5 To a solution of 0.130g (0.33 mmol) of 4-amino 2,2- 

dif luoro 3-hydroxy N— ( 1— isoany laminocarbonylethyl) 6-methyl 
heptanamide HG1 in THF (10 ml) is added 0.034 g (0.33 mmol) 
of N- methyl morpholine at room temperature. After 10 min. , 
the mixture is cooled to 0°C; a solution of 0.103 g (0.50 

10 mmol) of DCC in THF (1 ml) is then added, followed by the 
addition of 0.100 g (0.50 mmol) jo£ N-isovaleryl valine. 
Stirring is continued for 15 hours, while the temperature 
is allowed to rise to room temperature. The precipitate is 
filtered off and the filtrate rinsed with THF. The solvent 

15 is evaporated in vacuo ; the residue is purified by 

chromatography (silica gel, CH3OH/CHCI3 2:98) yielding 0.06 
g of the expected amide. Rf: 0.45 (CH3OH/CHCI3 8:92). 

EXAMPLE 37 

4- 1 (2-N-risovalervlamino^3-methyl-l^oxobutvI ) amino] 2 ,2- 
20 dif luoro-N- (1-isoamvlaminocarbonvlethvl) 6-methvl 3-oxo 
heptanamide 



A solution of 0.214 g (0.40 mmol) of -4-[2-N- 
isovalerylamino-3-methyl-l-oxobutyl .) amino] 2,2-difluoro 
3-hydroxy-N-(l-isoamy laminocarbonylethyl) 6-methyl 
heptanamide in CH 2 Cl2 (4 ml) is added to a suspension o£ 
pyridinium dichr ornate (0.22 8 g) and 3 A molecular sieves 
(0.336 g) , containing 20 ^1 of glacial acetic acid. 
Stirring is continued for 15 hours at room temper atue. 
Florisil (0.200 g) is added, stirring continued for 0.25 
hours and the mixture f iltered. Removal of the solvent and 
chromatography (silica gel, ethyl acetate/acetone 7:3) 
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afford the expected ketone. Rf: 0.3 (ethyl 
acetate/chlorof rom 1:1). 

EXAMPLE 3 8 

4-N-tert-butoxvcarbonvlamino 2 ,2-dif luoro 6-me thvl 3-oxo 
heptanoic acid T ethyl ester 

The title compound was prepared in 65% yield from the 
alcohol described in example 32 by the preceding procedure. 
The ketone was purified by chromatography (silica gel, 
ethyl acetate/cyclohexane 1: 9) . 

EXAMPLE 39 

4-amino 2,2-difluoro 6-methvl 3-oxo heptanoi c acid, ethvl 
ester hydrochloride 

The BOC protecting group of the ketone of example 3 8 
is cleaved using the same procedure as for the amide 
described in example 35. Mp: 127-128°C (decomp) . 

EXAMPLE 40 

Ethyl-3-keto-2-methvl-4 ,4 ,4-tr if luorobut anoate 

Sodium hydride (7.05 g of a 50% oil dispersion, 0.15 
mol) was washed 3 times with 25 ml of dimethoxyethane to 
remove the oil and then suspended in 220 ml of dimethoxy- 
ethane/ under an argon atmosphere and cool_ed in an ice 
bath. A solution of ethyl 3-keto-4 , 4 ,4-trif luorobutanoate 
(25.77 g, 0.14 mol) in 25 ml of dimethoxyethane was added 
dropwise from an addition funnel to the stirred suspension. 
After the addition was completed, the cooling bath was 
removed and the reaction mixture stirred for 30 minutes 
past the cessation of hydrogen gas evolution. Methyl 
iodide (43.0 ml, 0.70 mole) was added by syringe and the 
reaction mixture refluxed overnight. The reaction was 
cooled to room temperature and poured into a separatory 
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funnel containing a 1:1:1 mixture of saturated ammonium 
chloride : brine: water . The layers were separated and the 
aqueous phase extracted with 100 ml ether* The combined 
organic phase and ether extract was washed with brine, 
dried over magnesium sulfate and filtered. The solvents 
were removed by distillation at atmospheric pressure using 
a Vigreaux column leaving ethyl 3-keto-2-methyl-4,4 r 4- 
trifluorobutanoate as the pot residue* 
Rf: (EtAc/hexane - 20:80) 

EXAMPLE 41 

Ethyl 3-hvdroxv-2-methvl-4 ,4 ,4-trif luorobutanoate 

To a solution of ethyl 3-keto-2-methyl-4,4 , 4-tri- 
fluorobutanoate (20.1 g, 0.10 moles) in 250 ml of absolute 
ethanol, cooled in an ice bath, was added sodium borohy- 
dride (1.0 g, 0.25 moles) in portions with stirring. The 
cooling bath was removed and the reaction stirred at room 
temperature for 3 0 minutes. Acetone (5 ml) was added to 
quench any remaining sodium borohydride and the solvents 
removed by distillation at atmospheric pressure using a 
Vigreaux column. The residue was diluted with 200 ml of 
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methylene chloride and poured into a separatory funnel 
c ntaining 75 ml of a 1:1:1 mixture of saturated ammonium 
chloride :brine:wat r. The layers were separated and the 
aqueous phase extracted with methylene chloride (3 x 25 

5 ml) . The combined organic phase and methylene chloride 
extracts were dried over magnesium sulfate, filtered and 
distilled at atmospheric pressure to remove the solvents. 
The residue was then distilled at reduced pressure (20 
mmHg) using a Vigreaux column to give ethyl 3-hydroxy-2- 

10 m ethyl-4,4,4-trifluorobutanoate, bp 78-84°C, 20mmHg. 

FY AMPLE 42 

7~Hydroxv-?-mefchvl-4 f * r 4-trif 3 uorobutanamide 

Into a solution of ethyl 3-hydroxy-2-methyl-4, 4 ,4-tri- 
fluorobutanoate (11.4 g, 51.0 mmol) in 85 ml of methanol, 

15 cooled in an ice bath, was bubbled in anhydrous ammonia for 
several minutes. The reaction flask was sealed with a 
septum and stirred at room temperature for 6 days. The 
mixture was concentrated using a rotary evaporator and the 
residue distilled at reduced pressure using a vacuum pump 

20 to remove all components with a boiling point less than 

25°C at 0.05 mmHg leaving trif luorobutanamide (5.8g, 33.9 
mmol) as the pot residue. 

fx AMPLE 43 

^-W Y «3r Q ttV-4 .4 r A-fcrifluorn-?-bUtv1 amine hydrochloride 

25 to potassium hydroxide pellets (15.4 g of 85% pellets, 

0.23 moles) dissolved in 45 ml of water and cooled in an 
ice bath was added bromine (2.7 ml, 51.4 mmol). After 
several minutes, a solution of 3-hydroxy-2-methyl-4 ,4 ,4- 
trifluorobutanamide (8.0 g, 46.8 mmol) in 45 ml water, pre- 
30 cooled in an ice bath, was added. The reaction was stirred 
at ice bath temperatures for 20 minutes and then at room 
temperature for 30 minutes. Finally, the reaction was 
heated on a steam bath for 30 minutes. The reaction 
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mixture was cooled to r om temperature and poured into a 
separatory funnel where it was extracted with methylene 
chloride (3 x 50 ml). The aqueous layer was then saturat d 
with solid sodium chloride and extracted further with two 

5 portions of methylene chloride (25 ml) . The combined 

organic extracts were dried over magnesium sulfate , fil- 
tered and the solvent removed at ambient temperature on a 
rotary evaporator. The residue was dissolved in anhydrous 
ether (250 ml) and anhydrous hydrogen chloride gas bubbled 

L0 through the reaction mixture. A white precipitate formed 
and the suspension was cooled in an ice bath. The preci- 
pitate was filtered and then recrystallized from acetone- 
ether to give 3-hydroxy-4 r 4,4-trifluoro-2-butylamine 
hydrochloride, Rf: 0.25 (NH4OH/CH3OH/CH2CI2 - 2:10:88). 

15 EXAMPLE 44 

L-Alanine methvl ester hydrochloride 

To a suspension of L-alanine (25.0 g, 0.28 moles) in 
125 ml of methanol, cooled in an ice-methanol bath, was 
added thionyl chloride (21.0 ml, 0.29 moles) dropwise at a 
20 rate such that the internal reaction temperature was main- 
tained at 5°C or less. After the addition was completed, 
the cooling bath was removed and the reaction mixture 
warmed to 45°C for 2 hours. The reaction mixture was 
filtered to remove a small amount of yellow solid and the 
25 filtrate concentrated using a rotary evaporator. To the 
resultant oil was added tetrahydrof uran (50 ml) and the 
mixture evaporated to dryness on a rotary evaporator. The 
residue was placed under high vacuum to yield an off white 
solid. Ether (300 ml) was added to the solid and the sus- 
30 pension digested on a steam bath. Cooling and filtering 
gave L-alanine methyl ester hydrochloride (37.2 g, 0.26 
mmol) . 
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EX AMPLE 45 
Boc-L- Alanine methvl eater 

To a stirred suspension of L-alanine methyl ester 
hydrochloride (10.0 g, 71.6 mmol) in methylene chloride 
5 (220 ml) under an argon atmosphere was added trie thy lamirie 
(10.0 ml, 71.6 mmol) . Fifteen minutes later, a solution of 
di-tert-butyl dicarbonate (15.3 g, 70.2 mmol) in methylene 
chloride (30 ml) was added dropwise. After the addition 
was complete, the reaction mixture was stirred at room 

10 temperature overnight. The reaction mixture was poured 
into a separatory funnel containing 50 ml water and the 
layers separated. The organic layer was washed with 0.5 N 
hydrochloric acid (2 x 50 ml) and brine (50 ml) . The 
organic layer was then dried over magnesium sulfate, 

15 filtered and the majority of solvent evaporated using a 

rotary evaporator. The last traces of solvent were removed 
under high vacuum to give Boc-L-alanine methyl ester (14.27 
g, 70.2 mmol) . 

EXAMPLE 46 

20 Boc-L-Alanina] 

Boc-L- alanine methyl ester (5.0 g, 24.6 mmol) was 
dissolved in dry toluene (150 ml) under an argon atmosphere 
and cooled in a dry ice-acetone bath. To this vigorously 
stirred solution was added a solution of diisobutylaluminum 

25 hydride (1.0 M in hexanes, 61.5 ml, 61.5 mmol), pre-cooled 
in a dry ice-acetone bath, via a transfer needle. After 6 
minutes, the reaction was carefully quenched with methanol 
(4 ml) and the mixture allowed to warm to room temperature. 
The reaction mixture was poured into a separatory funnel 

30 containing 250 ml ether and 200 ml of ice cold 0.25 N 
hydrochloric acid. The layers were separated and the 
organic layer was washed with 0.25 N hydrochloric acid (3 x 
80 ml) and brine (50 ml) . The organic layer was dried over 
magnesium sulfate, filtered and concentrated using a rotary 
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evaporator at ambient temperature. The residue was chroma- 
tographed using hexanes - 30% ethylacetate to give Boc-L- 
alaninal. The compound may also be prepared by the 
technique described in Synthesis, 1983, pg. 676. 

5 EXAMPLE 47 

(3S)-3-Amino-2-hvdroxvbutanoic acid 

To a suspension of Boc-L-alaninal (2.5 g, 14.4 mmol) 
in ice cold water (30 ml) was added an ice cold solution of 
sodium bisulfite (1.5 g, 14.4 mmol) in water (10 ml) . The 
10 resultant suspension was stirred at ice bath temperature 
overnight. To the resultant solution was added ethyl 
acetate (200 ml) and then- a solution of potassium cyanide 
(0.9 g, 14.4 mmol) in water (10 ml) . The reaction mixture 
was stirred at room temperature for 4 hours and then poured 
15 into a separatory funnel and the layers separated. The 

organic layer was washed with water (2 x 100 ml) and brine 
(75 ml) , then dried over magnesium sulfate, filtered and 
concentrated using a rotary evaporator. The cyanohydrin 
was dissolved in dioxane (50 ml) and concentrated hydros 
20 chloric acid (50 ml) added. The reaction mixture was 
refluxed overnight and then cooled to room temperature. 
The reaction mixture was poured into a separatory funnel 
containing ether (100 ml) and the layers separated. The 
aqueous layer was extracted with a further 100 ml ether and 
25 then evaporated to dryness on a rotary evaporator. The 

resultant residue was dissolved in water (30 ml) and the pH 
adjusted to approximately 7 with 2N ammonium hydroxide. 
This solution was placed on a Bidrad AG 50 W-X8 H© resin 
column and eluted with 2 N ammonium hydroxide. Combination 
30 of the appropriate fractions and evaporation gave crude 
(3S)-3-amino-2-hydroxybutanoic acid which was then 
recrystallized from water-acetone to give the desired 
product (1.05 g, 8.8 mmol) as a white solid. 
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EXAMPLE 4 8 0195212 
flethvl (35) -3-amino-2-hvdroxvbutanoate 

Into a suspension of (3S)-3-amino-2-hydroxybutanoic 
acid (1.0 q, 8.4 mmol) in methanol (25 ml) was bubbled 
anhydrous hydrogen chloride gas until a solution resulted. 
After a solution resulted, the reaction was cooled in an 
ice bath and saturated with hydrogen chloride. The cooling 
bath was removed and the reaction stirred at room tempera- 
ture for 3.5 hours. The solvent was removed on a rotary 
evaporator at ambient temperature and the resultant residue 
dissolved in methanol (25 ml) , cooled in an ice bath and 
saturated with hydrogen chloride gas. Warming of the 
reaction solution to room temperature and removal of the 
. solvent on a rotary evaporator gave an oil. To this oil 
was added triethylamine (15 ml) followed by the minimum 
amount of methanol (about 15 ml) needed to dissolve the 
initial gummy solid. The solution was copied in an ice 
bath and ether (75 ml) added in portions with stirring. 
The precipitated triethylamine hydrochloride was filtered 
and the filtrate evaporated to give methyl (3S) -3-amino-2- 
hydr oxybut anoate . 

EXAMPLE 49 
Boc-L-alanvl-L-oroline benzvl ester 

Boc-L- alanine (19.5 g, 0.10 mol) was dissolved in dry 
tetrahydrofuran (90 ml) under an argon atmosphere in a 
flask fitted with an overhead stirrer and an internal 
thermometer. The solution was cooled to -15°C and N- 
methylmorpholine (11.4 ml, 0.10 mol) was added followed by 
isobutylchlorof ormate (13.4 ml, 0.10 mol) at such a rate as 
to maintain the internal reaction temperature at -10° to 
-15°C. Five minutes after the addition was completed, a 
solution of L-proline benzyl ester hydrochloride (25.2 g, 
0.10 mol) and N-methylmorpholine (11.4 ml, 0.10 mol) in 
chloroform (90 ml) was added dropwise at such a rate as to 
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maintain the internal reaction temperature at -10° to 
-15°C. After the addition was completed, the reaction 
mixture was allowed to slowly warm to room temperature and 
then stirred at room temperature overnight. The reaction 
mixture was concentrated using a rotary evaporator, the 
residue diluted with ethyl acetate (500 ml)/0.2N 
hydrochloric acid (100 ml) and poured into a separatory 
funnel. The layers were separated and the aqueous phase 
extracted with a further 150 ml ethyl acetate. The 
combined organics were washed with 0.2 N hydrochloric acid 
(2 x 100 ml), water (100 ml), saturated sodium bicarbonate 
(2 x 100 ml) , again with water (100 ml) and finally brine 
(100 ml) . The organic phase was dried over magnesium 
sulfate, filtered and concentrated on a rotary evaporator. 
Chromatography using ethyl acetate-hexane as the eluent 
gave Boc-L-alanyl-L-proline benzyl ester, Rf: 0.15 
(EtOAc/hexane - 30:70). 

EXAMPLE 50 

L-Alanyl-L-oroline benzyl ester hydrochloride 

Into a solution of Boc-L-alanyl-L-proline benzyl ester 
(31.6 g, 83.94 mmol) in ethyl acetate (400 ml) cooled in an 
ice bath was bubbled hydrogen chloride gas for 15 minutes. 
The addition of gas was ceased, the cooling bath removed 
and the solution stirred at room temperature for 1.5 hours. 
Concentration using a rotary evaporator followed by drying 
the residue [in a vacuum desiccator over potassium 
hydroxide pellets overnight] gave L-alanyl-L-proline benzyl 
ester hydrochloride (25.5 g, 81.5 mmol) . 

EXAMPLE SI 

Boc-L-alanyl-L-alanvl-L-proline benzyl ester 

L-alanyl-L-proline benzyl ester hydrochloride (13.0 g, 
41.6 mmol) was dissolved in methylene chloride (650 ml) 
under an argon atmosphere in a flask fitted with an over- 
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head stirrer. N-methylmorpholine (4.8 ml, 43.6 mmol) was 
syringed into the solution and, after 5 minutes, Boc-L- 
alanine (7.9 g, 41.6 mmol) was added followed by 1-ethoxy- 
carbonyl-2-ethoxy-l,2-dihydroquinoline (11.8 g, 47.8 mmol). 
5 The resulting solution was stirred at room temperature 

overnight. The reaction mixture was poured into a separa- 
tory funnel containing water (300 ml) and the layers 
* separated. The aqueous layer was extracted with chloroform 
(200 ml) and the combined organic extracts were washed with 

10 0.5 N hydrochloric acid (3 x 200 ml) , water (2 x 200 ml) , 
saturated sodium bicarbonate (2 x 200 ml) and brine (200 
ml) . The organic layer was then dried over magnesium 
sulfate, filtered and concentrated on a rotary evaporator. , 
Addition of ether-hexane gave crude Boc-L-alanyl-L-alanyl- 

15 L-proline benzyl ester which could be recrystallized from 
ethyl acetate-hexane to give the pure product (15.1 g) mp 
124-126 °C. 

EXAMPLE 52 

L-Alanvl-L-alanvl-L-proline benzvl ester hydrochloride 
20 Into a solution of Boc-L-alanyl-L-alanyl-L-proline 

benzyl ester (25.5 g, 57.0 mmol) in ethyl acetate (650 ml) 
cooled in an ice bath was bubbled hydrogen chloride gas for 
15 minutes at which time bubbling was ceased. The cooling 
bath was removed and the solution stirred at room tempera- 
25 ture for 1.5 hours. The reaction mixture was concentrated 
on a rotary evaporator and the resultant gummy solid dis- 
solved in methylene chloride-hexan£. Removal of the 
solvents gave L-alanyl-L-alanyl-L-proline benzyl ester 
hydrochloride which was dried over potassium hydroxide 
30 pellets in a vacuum desiccator overnight to yield 21.0 9 
(54.7 mmol) of the desired product. 
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EXAMPLE 5? 

Hethoxysuccinyl-L-al anvl-L-al a nvi - L - DrQ l f n, hen2Vl efifcr 
T a solution of L-alanyl-L-alanyl-L-proline benzyl 
ester hydrochloride (19.2 g, 50.0 mmol) , mono-methyl 
succinate (6.6 g, 50.0 mmol) and 1-hydroxybenzotri- 
azole.xH 2 0 (16.9 g) in N,N-dimethylformamide (125 ml) under 
an argon atmosphere and cooled in an ice bath was added N- 
methylmorpholine (5.5 ml, 50.0 mmol). After 5 minutes, 
N,N'-dicyclohexylcarbodiimide (11.9 g f 57.5 mmol) was 
added, the cooling bath removed and the reaction mixture 
stirred at room temperature overnight. The reaction mix- 
ture was filtered and the filtrate poured into a separatory 
funnel containing chloroform (750 ml)/0.5N hydrochloric 
acid (250 ml). The layers were separated and the aqueous 
phase extracted with chloroform (200 ml) . The combined 
organic extracts were washed with 0.5 N hydrochloric acid 
(2 x 250 ml), water (2 x 250 ml), saturated sodium bicar- 
bonate (2 x 250 ml) and brine (250 ml). The organic layer 
was dried over magnesium sulfate, filtered and concentrated 
on a rotary evaporator. The last traces of solvent were 
removed using a vacuum pump and the residue chromatographed 
using acetone-ethyl acetate as the eluent. The resultant 
crude MeOSuc-L-alanyl-L-alanyl-L-proline benzyl ester was 
recrystallized from ethyl acetate to give pure product mp 
124>-127°C. 
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EXAMPLE 54 

MeOSuc-L-alanv-l-T-alanvl -T.-proi in Q 

Into a Parr flask flushed with argon containing 4.0 g 
of 10% palladium on charcoal catalyst was added tert- 
butanol (775 ml) and then MeOSuc-L-alanyl-L-alanyl-L-pro- 
line benzyl ester (13.0 g, 28.2 mmols) . The mixture was 
shaken under 30 psi of hydrogen at 30-40°C overnight. The 
mixture was filtered through celite and the filtrate 
concentrated on a rotary evaporator. The residue, was 
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azeotroped with chlorof orm-hexane to remove the last traces 
of tert-butanol and then dried under high vacuum to give 
MeOSuc-L-alanyl-L-alanyl-L-proline (10.4 g, 2 8.0 mmol) . 

EXAMPLE 55 

5 Acefcvl-L-proivl-L-alanvl-L -proline benzyl ester 

Ac-L-proline (3.05 g, 19.41 mmol) was dissolved in dry 
tetrahydrofuran (100 ml) under an argon atmosphere in a 
flask fitted with an overhead stirrer and an internal ther- 
mometer. The solution was cooled to -15°C and N-methylmor- 
10 pholine (2.13 ml, 19.41 mmol) was added followed by iso- 

butylchloroformate (2.51 ml, 19.41 mmol) at such a rate as 
to maintain the internal reaction temperature at -10° to 
-15°C. Five minutes after the addition was completed, a 
solution of L-alanyl-L-proline benzyl ester hydrochloride 
15 (6.0 8 g, 19.41 mmol) in chloroform (70 ml) was added 

followed by a second portion of N-methylmorpholine (2.13 
ml, 19.41 mmol) at such a rate as to maintain the internal 
reaction temperature at -10° to -15 °C. The reaction 
mixture was then allowed to slowly warm to room temperature 
20 and stirred at room temperature for 2.5 hours. The 

reaction mixture was concentrated to a small residue on a 
rotary evaporator, diluted with chloroform (500 ml) and 
poured into a separatory funnel where it was washed with 
0.2 N hydrochloric acid (3 x 200 ml) and 5% sodium 
25 bicarbonate (200 ml). The organic layer was dried over 
magnesium sulfate, filtered, concentrated on a rotary 
evaporator and chromatographed using methylene chloride- 
methanpl as an eluent to give Ac-L-prolyl-L-alanyl-L- 
proline benzyl ester; Rf: 0.3 5 (CH 3 OH/CH 2 Cl2 - 7:93). 

30 EXAMPLE 56 

Acetvl-L-prolvl-L -alanvl-L-proline 

Into a Parr flask flushed with argon containing 450 mg 
of 10% palladium on charcoal catalyst was added a solution 
of Ac-L-prolyl-L-alanyl-L-proline benzyl ester in (1.0 g, 
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2.41 mmol) absolute ethanol (100 ml) . The contents were 
shaken under 40 psi of hydrogen overnight at room 
temperature. Th mixture was filtered through celite and 
the filtrate concentrated on a rotary evaporator to give 
5 crude Ac-L-prolyl-L-alanyl-L-proline which was crystallized 
from tetrahydrofuran-methanol-ether to give the desired 
product (0.57 g) in 73% yield. 

EXAMPLE 57 

1 ,1 ,1-Trif luoro-3-r (N-acetvlprolvl) alanvlprolvl amino] but an- 

10 Ac-L-prolyl-L-alanyl-L-proline (1.17 g, 3.61 mmol) was 

suspended in dry acetonitrile (55 ml) under an argon 
atmosphere in a flask fitted with an overhead stirrer and 
internal thermometer. The suspension was cooled to -15°C 
and N-methylmorpholine (0*40 mi, 3.61 mmol) was added 

3 5 followed by isobutylchlorof ormate (0.47 ml f 3.61 mmol) at 
such a rate as to maintain the internal reaction tempera* 
ture at -10° to -15°C. Ten minutes after the addition was 
completed, a mixture of 3-hydroxy-4,4,4-trifluoro-2-butyl- 
amine hydrochloride (0.65 g r 3.61 mmol) and N-methylmorpho- 

20 line (0.40 ml, 3.61 mmol) in chloroform (25 ml) was added 
at such a rate as to maintain the internal reaction 
temperature at -10° to -15°C. The reaction mixture was 
allowed to warm slowly to room temperature and then stirred 
at room temperature for 4 hours. The reaction mixture was 

25 evaporated on a rotary evaporator to an oily residue which 
was dissolved in water (65 ml) and treated with a mixed bed 
resin (J. T. Baker - ANGMI-615, 17 g) . After 15 minutes 
the mixture was filtered and the filtrate evaporated on a 
rotary evaporator. Chromatography using methylene chloride 

30 _ io% methanol as the eluent gave the above-named product, 
(0.37 g) in 23% yield. 
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RY AMPLE 5 8 

-.Tr-ifluoro-3-t (N~acet -Ylprolvl)alanvlDrolvlamino]- 

butane- ^ r 2-diol 

To a solution of oxalyl chloride (72 1, 0.83 nmiol) in 
methylene chloride (1 ml) under an argon atmosphere and 
cooled in a dry ice-acetone bath was added dimethyl sulfox- 
ide (0.12 ml, 1.65 mmol) with stirring. After 5 minutes, a 
solution of the compound of example 57 (0.25 g, 0.55 mmol) 
in methylene chloride (1.5 ml) was added. The reaction 
mixture was stirred for 15 minutes, triethylamine (0.50 ml, 
3.5 8 mmol) then added and the reaction warmed to room 
temperature for 30 minutes. The reaction mixture was 
placed directly onto a silica gel column and eluted with 
methylene chloride-methanol. Trituration of the resultant 
oily solid with ether-hexane and filtration gave the above- 
named product, (50 mg, 0.11 mmol). 



EXAMPLE 59 

^-.r rM-^tvloro.i vn alanvlp ml vlaminol -?-hydroxvbutanoic 

aflid. meth yl ester 
20 Ac-L-prolyl-L-alanyl-L-proline (0.65 g, 2.00 mmol) was 

suspended in dry acetonitrile (20 ml) under an argon 
atmosphere in a flask fitted with an overhead stirrer and 
internal thermometer. The suspension was cooled to -15°C 
and N-methylmorpholine (0.22 ml, 2.00 mmol) was added 

25 followed by isobutylchlorof ormate (0.26 ml, 2.00 mmol) at 
such a rate as to maintain the internal reaction tempera- 
ture at -10° to -15°C. After 10 minutes, a solution of 
methyl (3S) -3-amino-2-hydroxybutanoate (0.53 g, 4.00 mmol) 
in chloroform (2.5 ml) was added at such a rate as to 

30 maintain the internal reaction temperature at -10° to 
-15°C. The reaction mixture was slowly warmed to room 
temperature and then stirred for 3 hours. The reaction 
mixture was evaporated on a rotary evaporator, the residue 
dissolved in water (20 ml) and treated with a mixed bed 
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resin (J. T. Baker - ANGMI-615, 11.0 g) . After 15 minutes 
the mixture was filtered and the filtrate evaporated on a 
rotary evaporator. Chromatography using methylene 
chlorid -methanol as the eluent gave the above-named 
5 product (0.32 g) in 36% yield. 

EXAMPLE 60 

3-t (N-acetvlprolvl) alanvlprolvlamin ol-2 ,2-dihvdroxvbutanoic 
acid, methvl ester 

To a stirred solution of oxalyl chloride (0.12 ml, 

10 1.43 mmol) in methylene chloride (1.5 ml) under an argon 
atmosphere and cooled in a dry ice-acetone bath was added 
dropwdse a solution of dimethylsulf oxide (0.20 ml, 2.86 
mmol) in methylene chloride (1.5 ml). After 5 minutes, a 
solution of the product of example 59 (0.32 g, 0.72 mmol) 

15 in methylene chloride (1.5 ml) was added and the reaction 
mixture stirred for 25 minutes. Triethylamine (0.50 ml, 
3.5 8 mmol) was added and the reaction mixture warmed to 
room temperature. The reaction mixture was placed directly 
onto a silica gel column and eluted with methylene 

20 chlotide-methanol. Evaporation of the appropriate 

fractions on a rotary evaporator, addition of water (3 ml) 
to the residue and evaporation gave the above-named 
product. 

EXAMPLE 61 

25 (N-acetvlprolvl) alanvlpro T yi amino] -2 . 2-dihvdroxvbutanoic 
acid 

To a solution of the product of example 60 (0.10 g, 
0.23 mmol) in water (4 ml) cooled in an ice bath was added 
IS lithium hydroxide (0.50 ml of an aqueous solution, 0.50 
30 mmol) . After 1 hour the pH of the reaction mixture was 
adjusted to 4.5 to 5.0 with IN hydrochloric acid and the 
reaction evaporated on a rotary evaporator. The residue 
was chromatographed using methylene chloride-methanol as 
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the eluent. Evaporation of the appropriat fractions, 
addition of water (2 ml) to the residue and evaporation 
gave the above-named product (65 mg) in 64% yield. 

EXAMPLE 62 
Boc-L-alanvl-L-alanvl-L-proline 

A Parr flask was flushed with argon and charged with 
10% palladium on charcoal (0.74 g) , followed by the 
addition of Boc-L-alanyl-L-alanyl-L-proline benzyl ester 
(1.8 g, 4.0 mmol) dissolved in tert-butanol (300 ml). The 
reaction mixture shaken under 30 psi of hydrogen at 35°C 
for 5 hr. After cooling to room temperature, ethanol (50 
ml) was added and the solution was filtered through celite 
and the filtrate concentrated on a rotary evaporator. The 
residue was azeotroped with chlorof orm-hexane to remove the 
last traces of tert-butanol and then dried under high 
vacuum to give Boc-L- al any 1-L- al any 1-L-pr ol ine (1.40.g, 3.9 
mmol) in 98% yield. 

EXAMPLE 63 
1 ,1 ,1-Trif luoro-3- 1 (N-tert- 

butvloxvcarbonvlalanvl) alanvlprolvlaminol -4-meth yrpentan-2- 
pi 

To a solution of Boc-L-alanyl-L-alanyl-L-proline (1.0 
g, 2.80 mmol) in dry acetonitrile (25 ml) was added N- 
methylmorpholine (0.34 ml, 3.06 mmol). The solution was 
cooled to -20°C and isobutylchlorof ormate (0.37 ml, 2.88) 
was added dropwise. To this solution, a pre-cooled (-20°C) 
mixture of 3-amino-l ,1 ,1-trif luoro-4-methyl-2-pentanol 
hydrochloride (0.61 g, 2.91 mmol) , N,N-dimethylf ormamide (4 
ml) and N-methylmorpholine (0.34, 3.06 mmol) was added. 
The reaction mixture was stirred at -20 °C for 4 hr, allowed 
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to warm to room temperature and stirred overnight. Removal 
of the solvents in vacuo produced a pale yellow residue, 
which was purified by flash chromatography using ethyl 
acetate as an eluent to give 1,1 ,l-Trifluoro-3- [ (N-tert- 
5 butyloxycarbonylalanyl) alanylprolylami.no] -4-methy lpentane- 
2-ol (1.09 g, 2.1 mmol) in 76% yield. 

EXAMPLE 64 

1*1 .» l-.tr if luoro-3- f N— 

tertbutvloyycarbony lalanvl) alanylprolYTami noT-A-. 
10 methvlpentan-2-o ne (180 ma. 0-37 mmol) in 70% yield 

A solution of oxalyl chloride (0.07 8 ml, 0.9 mmol) in, 
methylene chloride (2 ml) was cooled to -55 °C and 
dimethylsulf oxide (0.125 ml, 1.8 mmol) was added dropwise. 
The solution was stirred for 5 min, followed by the 

IS addition of l,l,l-trifluoro-3-[N-tert- 

butyloxycarbonylalanyl) alanyl-pr olylamino ] -4-methy lpentan- 
2-ol (260 mg, 0.53 mmol) in methylene chloride (1.5 ml). 
The mixture was stirred for 15 min and triethylamine (0.45 
ml, 3.2 mmol) was added. The reaction mixture was allowed 

20 to warm to room temperature, the solvent was removed i£ 
vacuo and the crude product was loaded directly onto a 
silica gel column (230-400 mesh) for purification. Blution 
with ethyl acetate gave 1 ,1 ,1-trif luoro-3- TN-tert- 
butyloxycarbonylalanyl) al any lpr olylamino] -4-methy lpentan-2- 

25 one. 

EXAMPLE . 65 

1 rlrl-Trif luoro-3- ral anvl-alanvlproly l ami no] -4- 
methvlPQntan-2-one 

A solution of 1 ,1 ,1-Trif luoro-3 I (N-tert- 
30 butyloxycarbonylalanyl) alanyl-pr olylamino] -4-methy lpentan- 
2-one (180 mg, 0.35 mmol) in ethyl acetate (50 ml) was 
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cooled to 0°C and treated with hydrogen chloride gas for 5 
min. The reaction mixture was stirred at 0°C for 1.5 hr, 
followed by removal of solvent in vacuo . 1 ,1 ,1-Trifluoro- 

3- [alanylalanylprolylamino]-4-methylpentan-2-one (151 mg, 
0.34 mmol) was obtained in 96% yield and was used for 
subsequent reactions without purification. 

EXAMPLE 66 

Dansyl peptide 1 .1 ,1-Trif luoro-3- (alanv lalanvlprolvlamino) - 

4- methvlpentan-2-one 

To a suspension of 1 ,1 ,1-Trif luoro-3- 
(alanylalanylprolylamino)-4-methylpentan-2-ohe (50 mg, 0.11 

mmol) in methylene chloride (1 ml) , was added N— 
methylmorpholine C50 mg, 0.5 mmol). The solution was 
stirred for 5 min and dansyl chloride (50 mg) then added. 
The reaction mixture was stirred for 2 h at room 
temperature with the exclusion of light and then loaded 
directly onto a silica gel column (230-400 mesh) for 
purification. Elution with ethyl acetate" gave the 
dansylated peptide (4 8 mg, 0.07 mmol) in 6 8% yield. 

20 EXAMPLE 67 

Nl- (2-Methoxvethoxvmethoxv-3 .3-dif l uoro-l-isobutvl-5- 
hexenvl-Nl-isovalervl valinamide 

To 0.211 g of sodium hydride (55%, 4.83 mmol) in 3 ml 
of DMF at 0°C was added 1.8 g (4.6 mmol) of Nl-(2-hydroxy- 
25 3 , 3-dif luoro-l-isobutyl-5-hexenyl) -N2-isovaleryl 

valinamide, in 5 ml of DMF. After stirring 0 0 C for 10 
min., methoxyethoxymethylchloride (0.659 g, 5.29 mmol in 3 
ml DMF) was added, the mixture stirred for 10 min. at 0°C 
and overnight at room temperature. Workup with water/Et 2 0 
30 gave, after purification by flash chromatography 
(CHC1 3 /Et20, 2:1) 1.4 g of the desired product. 
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EXAMPLE 68 

wl-(VMethoxvethoxviDetboxv3 ,3-dif luoro-l-isobutvl-4- 
carboxybutvl) -N^risovalervl valinamide 

The above-named compound was prepared from Nl-2- 
methoxyethoxymethoxy-3 ,3-dif luoro-l-isobutyl-5-hexenyl) -N2- 
isovaleryl valinamide by the procedure described in example 
8 using equivalent proportions and conditions. 

EXAMPLE 69 

NL-(2-Methoxvethoxvmethoxv-3 ,3-dif luoro-l-isob utvl-4- Tl- 
(Isoamvlaminocarbonvl) ethvl] met hvl amino carbonvlbutyl) -N2 .- 
isovalervl valinamide 

The above-named compound was prepared from 
mehoxyethoxymethoxy-3 ,3-dif luoro-l-isobutyl-4- 
carboxybutyl) -N^-isovaleryl valinamide by the procedure 
described in example 49. 

Proportions: 1.50 g (3.02 mmol) peptide acid in 10 ml THE, 
0.306 g (0.33 ml, 3.02 mmol) N-methyl morpholine, 0.412 g 
(3.02 mmol) isobutylchlorof ormate, N-methyl alanine 
isamylamide hydrochloride (0.63 g, 3.02 mmol) and N-methyl 
morpholine (0.306 g, 3.02 mmol) in 5 ml THF. Flash 
chromatography (EtOAc/Pentane, 2:1) gives 0.3 g of the 
above-named compound. From 1.50 g of the peptide acid, 
using the procedure of example 4 9 there is produced, after 
purification by flash chromatography, 0 .3 9 g of the desired 
product. 
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EXAMPLE 70 

fll- t 2-Hvdroxv-3 ,3-dif lunro-l-iso butvl-4 I tl-( iaoamvlamino 
? arbQnYl)ethvl]~methvlatnlnQlcarb onvlvtttvl)-N2.-isovaleryl 

valinamide 

A mixture of 0.3 g (0.46 mmol) of Nl-(2- 
methoxyethoxymethoxy-3 ,3-difluoro-l-isobutyl-4- til- . 
< isoamylaminocarbonyl) ethyl] -methylamine] carbonylbutyl) -N2- 
isovaleryl valinamide and 0.52 g (2.31 nnnol) of ZnBr2 in 3 
ml CH2CL2 was stirred for 24 h at room temperature. Plash 
3 chromatography (EtOAc) gives 0.11 g of the above-named 

alochol. 

EXAMPLE 71 
N l- ( 2-OXO-3 ,3-dif luoro-l-is obutYl-4 [ (1- 
( isoamvlamino) ethvll methvla mino] carbonylbutyl) -n2- 
5 isovalervl valinamide 

The above— named compound was prepared from Nl-(2— 
Hydroxy- 3 ,3-<3if luoro-l-isobutyl-4I El^ 
(isoamylamino) ethyl] methylamino) carbonylbutyl) -N2- 
isovaleryl valinamide by the procedure described in example 

20 7 • 

Proportions: Oxalylchloride (0.176 mmol, 0.0224 mg) in 0.5 
ml CH 2 Cl2* 0.027 5 mg (0.352 mmol) DMSO, 90 mg of alcohol in 
1.5 ml CH 2 Cl2 (at -55°C) 0.081 g Et 3 N (0.8 mmol). 

Flash chromatography (EtOAc) gave 0.02 g of above- 
25 named compound. 
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EXAMPLE 72 

4-N-tert-butoxvcarbonvlamino 2,2-difluoro 3-hvdroxv 5- 
methyl hexanoic acid , ethvl ester 

The title compound was prepared in 35% yield from L-BOC 
valinal using the same procedure as for the ester, 
described in example 32. Rf ' « 0.52 (EtOAc/CgHi2 1:1) 

EXAMPLE 73 

4-Amino 2,2-difluoro 3-hydroxv 5-methvl hexanoic acid, 
ethyl ester hydrochloride 

The Boc protecting group of the alcohol of example 72 
is cleaved using the same procedure as for the. amide 
described in example 35, mp 182°C. 

EXAMPLE 74 

4-tmethoxvsuccinvl L-alanvl-L-alanyl-L-orolvl] amino 2,2- 
difluoro 3-hydroxv 5-methvl hexenoic acid, ethyl ester 

To a stirred solution of 0.371 g (1 mmol) of MeOSuc^L- 
Ala-L-Ala-L-ProOH in dry acetonitrile (10 ml) under 
nitrogen was added 0.106 g (1.05 mmol) of N-methyl- 
morpholine. The resultant solution was cooled to -20 °C. 
Isobutyl chlorof ormate (0.136g, 1 mmol) was added to the 
cooled reaction mixture. After 10 min. a solution of 0.275 
g (1.05 mmol) of 4-amino 2,2-difluoro 3-hydroxy 5-methyl 
hexanoic acid, ethyl ester hydrochloride and 0.106 g (1.05 
mmol) of N-methylmorpholine in dry DMP (2 ml) was added to 
the cooled mixture. The reaction mixture was stirred at - 
20°C for 4 hours and then allowed to warm to room 
temperature. After stirring 15 hours at room temperature 
the mixture is concentrated and placed under high vacuum at 
40°C to remove all the DMF. Chromatography (silica gel, 
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ethyl acetate/acetone 7:3) yielded the expected alcohol in 
85% yield. Rf: 0.3 8 (ethyl acetate/acetone 1:1). 

EX AMPLE 75 

a- rMefchoxysuccinvl - y- aianvl-T,-alanvl-L-prolvl3 amino 2 t2~ 
riifluoro s-methvl Vaxo hexa noic acid, ethyl ester 

The title compound was obtained in 65% yield from the 
alochol of example 74 using the procedure described in 
example 37, mp: 96-97°C. 



C-33,761A 



-90- 



0195212 

The foregoing describes in detail the generic and 
specific aspects of the scope of the invention as well as 
the manner of making and using the invention. In addition 
thereto, although such procedures are known in the art, 
5 references setting forth state of art procedures by which 
the compounds may be evaluated for their biochemical 
effects is also included herein. 

For example, human elastase is assayed in vitro using 
chromophoric peptides, succinylalanylalanylalanyl-p-nitro- 

L 0 anilide (Al) , methoxysuccinylalanylalanylprolylvalyl-p- 

nitroanilide (A2) , and others, all of which are available 
commercially. The assay buffer, pH 8.0, and assay tech- 
niques are similar to those described by Lottenberg et al. 
(A3, A4) . Enzyme is purified from human sputum (A5) , 

15 although recently it has become commercially available. 
Kinetic characterization of immediate inhibitors is by 
means of the Dixon plot (A6> , whereas the characterization 
of slow- and/or tight-binding inhibitors used data analysis 
techniques reviewed by Williams and Morrison (A7) . 

20 Similarly, the other proteases are assayed and effects 

of inhibitors are assessed in vitro by similar spectro- 
scopic techniques: cathepsin G (A2) ; thrombin (A3); 
chymotrypsin (A8) ; trypsin (A9) ; plasmin (A3); CI esterase 
(A10); urokinase (A3); plasminogen activator (All); acrosin 

25 (A12) ; beta- lactamase (A13) ; cathepsin B (A14) ; pepsin 

(A15) ; cathepsin D (A16) and leucine aminopeptidase (A17) . 
Pseudomonas elastase is measured in a coupled assay pro- 
cedure using a human elastase substrate and microsomal 
aminopeptidase. 

30 Radiometric assays of angiotensin I-converting enzyme 

and enkephalinase and their inhibitors are based on the 
procedure of Ryan (A18) and use tritiated substrate pur- 
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chased from Ventr x Laboratories, Inc. Radioimmunoassay is 
used for studies with renin (A19) . C3-convertase is 
measured as described by Tack et al. (A20) . 

The individual assay references are elaborated upon by 
5 the following: 

Al. The synthesis and analytical use of a highly 
sensitive and convenient substrate of elastase. J. Bieth, 
B. Spiess and C. G. Wermuth, Biochemical Medicine, 11 
(1974) 350-375. 

L0 A2. Mapping the extended substrate binding site of 

cathepsin G and human leukocyte elastase. Studies with 
peptide substrates related to the alpha 1-protease 
inhibitor reactive site. K. Nakajima, J. C. Powers, B. M. 
Ashe and M. Zimmerman, The Journal of Biological Chemistry, 

15 254 (197 9) 4027-4032. 

A3. Assay of coagulation proteases using peptide 
Chfomogenic and fluorogenic substrates. R. Lottenberg, 
D. Christensen, C. M. Jackson and P. L. Coleman, in. 
Methods in Enzymology (L. Lorand, ed) , Academic Press, New 
20 York, 1979, vol. 80, pp. 341-361. 

A4. Solution composition dependent variation in 
extinction coefficients for p-nitroaniline. R. Lottenberg 
and C. M. Jackson, Biochimica et Biophysica Acta, 742 
(1983) 558-564. 

25 A5. A rapid procedure for the large scale purifica- 

tion of elastase and cathepsin G from human sputum. 
R. R. Martodam, R. J. Baugh, D. Y. Twumasi and I. E. 
Liener, Preparative Biochemistry, 9 (1979) 15-31. 
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A6. The determination of enzyme inhibitor constants. 
M. Dixon, The Biochemical Journal, 55 (1953) 170-171. 

A7. The kinetics of reversible tight-binding 
inhibition. J. w. Williams and J. p. Morrison, in. Methods 
5 in Enzymology (D. L. Purich, ed) , Academic Press, New York, 
1979, vol. 63, pp. 437-467. 

A8. Two convenient spectrophotometry enzyme assays. 
A biochemistry experiment in kinetics. J. A. Hurlbut, 
T. N. Ball, H. C. Pound and J. L. Graves, Journal of 
10 Chemical Education, 50 (1973) 149-151. 

A9. The preparation and properties of two new 
chromogenic substrates of trypsin. B. P. Erl anger, 
N. Kokowsky and W. Cohen, Archives of Biochemistry and 
Biophysics, 95 (1961) 271-27 8. 

15 A10. The human complement system serine proteases Clr 

and Cls and their proenzymes. R. B. Sim, in, Methods in 
Enzymology (L. Lor and, ed) , Academic Press, New York, 1979, 
vol. 80, pp. 26-42. 

All. Extrinsic plasminogen activator and urokinase. 
20 J. H. Verheijen, C. Kluft, G. T. G. Chang and E. Mullaart, 
in, Methods of Enzymatic Analysis (H. D. Bergmeyer, 
J. Bergmeyer and M. Grassl, eds.), Verlag Chemie, Weinheim, 
1984, third edition, vol. 5, pp. 425-433. 

25 A12. Sperm acrosin. W. Mueller-Esterl and H. Fritz, 

in. Methods in Enzymology (L. Lorand, ed) , Academic Press, 
New York, 1979, vol. 80, pp. 621-632. 

A13. Novel method for detection of beta-lactamases by 
30 using a chromogenic c phalosporin substrate. 
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C. H. O'Callaghan, A. Morris, S. M. Kirby and A* H. 
Shingler r Antimicrobial Agents and Chemotherapy, 1 (1972) 
283-288. 

A14. Cathepsin B, cathepsin H, and cathepsin 
5 L. A* J* Barrett and H. Rirschke, in, Methods in Enzymology 
(L. Lorand, ed) , Academic Press, New York, 1979, vol. 80, 
pp. 535-561. 

A15. Pepsins, gastricsins and their zymogens. 
A. P. Ryle, in, Method of Enzymatic Analysis (H. D. 
10 Bergmeyer, J. Bergmeyer and M. Grassl, eds) , Verlag Chemie, 
Weinheim, 1984, third edition, vol. 5, pp. 223-238. 

A16. Cathepsin D, cathepsin E. V. Turk, T. Lah and 
I. Kregar, in, Methods of Enzymatic Analysis (H. D. 
Bergmeyer, J. Bergmeyer and M. Grassl, eds), Verlag Chemie, 
15 Weinheim, 1984, third edition, vol. 5, pp. 211-222. 

A17. Amino acid arylamidase. J. C. M. Haf kenscheid f 
in. Methods, of Enzymatic Analysis (H. D. Bergmeyer, J. 
Bergmeyer and M. Grassl, eds) , Verlag Chemie, Weinheim, 
1984, third edition, vol. 5, pp. 11-15. 

20 A18. Angiotensin I converting enzyme (kininase II). 

J. W. Ryan, in. Methods of Enzymatic Analysis (H. D. 
Bergmeyer, J. Bergmeyer and M. Grassl, eds), Verlag Chemie, 
Weinheim, 1984, third edition, vol. 5, pp. 20-34. 

A19. ^n. T. Inagami and M. Naruse, in, Methods of 
25 Enzymatic Analysis (H. D. Bergmeyer, J. Bergmeyer and 
M. Grassl, eds), Verlag Chemie, Weinheim, 1984, third 
edition, vol. 5, pp. 249-258. 
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A2G. The third , fourth, and fifth components of human 
complement: isolation and biochemical properties. B. P. 
Tack, J, Janatova, M. L. Thomas, R. A. Harrison and C. H. 
Hammer, in, Methods in Enzymology (L. Lorand, ed) , Academic 
Press, New York, 1979, vol. 80, pp. 64-101. 

By following the techniques referenced above, as well 
as by utilization of other known techniques, as well as by 
comparison with compounds known to be useful for treatment 
of the above-mentioned disease states, it is believed that 
adequate material is available to enable one of ordinary 
skill in the art to practice the invention. Of course, in 
the end-use application of the compounds of this invention, 
the compounds are preferably formulated into suitable 
pharmaceutical preparations such as tablets, capsules or 
15 elixers, for oral administration or in sterile solutions or 
suspensions for parenteral administration. The compounds 
of this invention can be administered to patients (animals 
and human) in need of such treatment in a dosage range of 
0-01-10 »g per kg of body weight per day. As stated above, 
the dose will vary depending on severity of disease, weight 
of patient and other factors which a person skilled in the 
art will recognize. 

Typically the compounds described above are formulated 
into pharmaceutical compositions as discussed below. 

25 About 10 to 500 mg of a compound or mixture of com- 

pounds of Formula I or a physiologically acceptable salt is 
compounded with a physiologically acceptable vehicle, car- 
rier, excipient, binder, preservative, stabilizer, flavor, 
tc. , in a unit dosage form as called for by accepted 

30 pharmaceutical practice. The amount of active substance in 
these compositions or preparations is such that a suitable 
dosage in the range indicated is obtained. 



20 
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Illustrative of the adjuvants which may be incorpo- 
rated in tablets, capsules and the like are the following: 
a binder such as gum tragacanth, acacia, corn starch or 
gelatin; an excipient such as microcrystalline cellulose; a 

5 disintegrating agent such as corn starch, pregelatinized 
starch, alginic acid and the like; a lubricant such as 
magnesium stearate; a sweetening agent such as sucrose, 
lactose or saccharin; a flavoring agent such as peppermint, 
oil of wintergreen or cherry. When the dosage unit form is 

10 a capsule, it may contain in addition to materials of the 
above type, a liquid carrier such as fatty oil. Various 
other materials may be present as coatings or to otherwise 
modify the physical form of the dosage unit. For instance, 
tablets may be coated with shellac, sugar or both. A syrup 

15 or elixer may contain the active compound, sucrose as a 

sweetening agent, methyl and propyl parabens as preserva- 
tives, a dye and a flavoring such as cherry or orange 
flavor. 

Sterile compositions for injection can be formulated 
20 according to conventional pharmaceutical practice by 

dissolving or suspending the active substance in a vehicle 
such as water for injection, a naturally occurring vege- 
table oil like sesame oil, coconut oil, peanut oil, 
cottonseed oil, etc. or a synthetic fatty vehicle like 
25 ethyl oleate or the like. Buffers, preservatives, antioxi- 
dants and the like can be incorporated as required. 

While the invention has been described in connection 
with specific embodiments thereof, it will be understood 
that it is capable of further modifications and this 
30 application is intended to cover any variations, uses, or 
adaptations of the invention following, in general, the 
principles of the invention and including such departures 
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from the pr sent disci osur as 
tomary practice within th art 
pertains and as may be applied 
hereinbefore set forth, and as 
5 appended claims. 



come within known or cus- 
to which the invention 
to the essential f atures 
follows in the scope of the 
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Claims: 



^ 1. An activated electrophilic ketone-bearing 

2 peptidase inhibitor of the formula 



3 
4 
5 



10 



15 
16 



1 




*2 



6 the hydrates thereof, and the pharmaceutic ally acceptable 

7 salts thereof wherein 

8 may be hydrogen, an amino protecting group selected from 

9 Group K, an a-amiho acid or a peptide comprised of a 
number of a-amino acid building blocks, each of said 

11 cl- amino acid or peptide optionally bearing an amino 

12 protecting group selected from Group K, 

13 R2 is the R group side chain of an a-amino acid building 
1* block, 

X is Xi or X2 wherein 

Xi is -CF3, -CF2?/ CQ2R3 or -CONHR3 , 
17 x 2 is -CF2CHCR5Y/ — CF2CR5Y or — CR5Y, 

X0 R4O Q 0 

19 R3 is hydrogen, C1-4 straight or branched alkyl, phenyl/ 

20 benzyl, cyclohexyl or cyclohexylmethyl, 

21 R4 is the R group side chain of an a-amino acid building 

22 block, 
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t* 

23 R5 is an <* -amino acid or peptide building block, or deleted 

24 Y is -NHR3 or -OR3, said a-amino building blocks being 

25 selected from Groups A, B, C r D # E, F, G, K and J, 

26 members of these Groups being 

27 Group A: Lys and Arg, 

28 B: Glu and Asp, 

29 C: Ser, Thr, Gin, Asn, Cys and His, 

30 Pro, Ind 

31 E: Ala, Leu, lie, Val, n-Val, Met and n-Leu, and 

32 their N-methyl derivatives, 

33 P: Phe, Tyr and Trp, Nal(l) and their N-methyl 

34 derivatives, 

35 G: Gly, Sar 

36 J: ^NH NH 

37 -CH 2 0<a-)NHC x (J-l) , -CH2fl(Er>C^ (J-2) 

38 NH 2 NH 2 

39 ^NH NH 

40 -0CH 2 NHC n (J-3) and -ac^C^ (J-4) 

41 NH 2 X NH 2 

42 with 6 representing phenyl 

43 K: Acetyl (Ac), Succinyl (Sue), Benzoyl (Bz), t- 

44 Butyloxycarbonyl (Boc) , Carbobenzoyl (CBz) , Tosyl 

45 <Ts) r Dansyl (DNS) , Isovaleryl (Iva) , 

46 Methoxysuccinyl (MeOSuc) , 1-Adamantanesulphonyl 

47 (AdS0 2 ) , 1-Adamantaneacetyl (AcAc) , 2- 

48 Carboxybenzoyl ( 2-CB) and . such other terminal 

49 amino protecting groups which are functionally 

50 equivalent thereto. 

1 2. A compound of claim 1 useful for inhibiting human 

2 leukocyte elastase wherein 
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Rl is wherein P2 is selected from Groups D, E or 

F, 

P3 is select d from Groups D or E, 
P4 is selected from Group E or is zero, 
R5 is selected from Group K, 
R 2 is the R group side chain of an a- amino acid Of Groups E 
and G, 

X is either Xi or X2 wherein 

R4 is the R group side chain of an a-amino acid of Groups E 
and G r 

R5 is a building block having its a-amino acids selected 
from Groups E and G, and 
is NH 2 . 

3. A compound of claim 2 having the formula 
MeOSuc-Ala-Ile-Pro-Val[CP 2 -Ala]AlaNH2. 

4. A compound of claim 1 useful for inhibiting 
Cathepsin G wherein X x , X 2 / »3 ' R 4' *5 and Y are as defined 
in claim 2 , 

R l is P2P3 P 4 P 5 wherein 

P 2 is selected from Groups D, E, G or K r 
P3 is selected from Groups E or G or is deleted, 
P4 is selected from Groups E or G or is deleted, 
P5 is selected from Group K, 

R 2 is the R group side chain of Groups E and F. 

5. A compound of claim 4 having the formula 
Suc-Ala-Ala-Pr o-Phe-CF3 . 

6. A compound of claim 1 useful for inhibiting 
thrombin with X lf X 2 , R3 being as defined in claim 1, 
R2 is an R group side chain of Groups A and J, 

R4 is an R group side chain of Group C or G, 
R5 has its a-amino acids selected from Groups E, D or is 
zero, 
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Rl is (a) -P2P3# < b) ~ p 2 or < c) -*2 P 3*4 wherein 

(a) P2 is selected from Groups E and F, P3 is 
selected from Group F, each P3 in its D 

c nfiguration, 

(b) P2 is selected from Group K, 

(c) P2 is selected from Group E, P3 is selected from 
Groups G or E, and P4 is selected from Groups G 
or E or is zero. 



7. A compound of claim € having the formula 
D-Phe-Pr o-Arg -CF 3 m 

8. A compound of claim 1 useful for inhibiting 
chymotrypsin wherein X^, X2# R3/ R4* R5 ^ Y are as 
defined in claim 2, 

Rl is -P2 P 3 P 4 P 5' 

P2 is selected from Groups D, E r G or H r 

P3 is selected from Groups E or G or is zero f 

P4 is selected from Groups E or G or is zero, 

P5 is selected from Group K or is zero when P2 is Ho 

R2 is an R group side chain of Groups E or F. 

9. A compound of claim 8 selected from the group 
Bz-Phe-CF 3 , BzPhe-COOH, BzPheCOOMe, BzTyrCF3 , Bz-Tyr-<OOMe 

10. A compound of claim 1 useful for inhibiting 
trypsin wherein X^, X2/ R3 # &2' R 5 3X1(3 R l are as 
defined in claim 1. 



11. A compound of claim 10 having the formula 
Bz-Arg-COOH, Bz-Arg-C02CH3 , Bz-Axg-CF 3 . 

12* A compound of claim 1 useful for inhibiting 
plasmin wherein 
X is Xi, 
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4 Rl xs -P2P3P4 wherein 

5 P2 is selected from Group F, 

6 P3 is selected from Groups B or F, and 

7 P4 is selected from Group K. 

8 R 2 is the R group side chain of Groups A or J. 

1 13. A compound of claim 12 selected from the group 

2 DNS-Glu-Phe-Lys-COOH, DNS-Glu-Phe-Lys-CF 3 , or 

3 DNS-^Glu-Phe-Lys-COOMe . 

1 14. A compound of claim 1 useful for inhibiting Ci- 

2 esterase with X 1# x 2 , R5 and R 3 as defined in claim 1, 

3 Y is NH 2 , 

4 R l is -P2P3 wherein 

5 P 2 is selected from Groups E, G, D, C, F, A or B, and 

6 P3 is selected from Group K, 

7 R2 is the R group side chain of Groups A and J, 

8 R4 is the R group side chain of Group E. 

1 15. A compound of claim 14 selected from the group 

2 consisting of CBZ-Ala-Arg-CF 3 , CBZ-Ala-Arg-COOH and 

3 CBZ-Ala-Arg-COOMe. 

1 16. A compound of claim 1 useful for inhibiting C3- 

2 convertase with x lr x 2 and R 3 being as defined in claim 1, 

3 Y is 0R 3 , 

4 Rl is -P2P3P4 with 

5 p 2 being selected from Groups E or F, 

6 P3 is selected from Groups E or F, 

7 *4 is selected from Group K, 

8 R 2 is the R group side chain selected from Groups A or J, 

9 R4 is selected from Group E, and 
10 R5 is zero. 
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1 17. A compound of claim 16 selected from the group 

2 consisting of Bz-Leu-Ala-Arg-CF2COOCH20, 

3 Bz-Leu-Ala-Arg*CF 2 -Ala9-OCH20, Bz-Leu-Ala-Arg-COOCH 2 0. 

1 18. A compound of claim 1 useful for inhibiting 

2 Drokinase wherein x x and x 2 are as defined in claim 1, 

3 Y is NH 2 , 

4 R l is -P2P3 wherein 

5 *2 is selected for Groups E and G, 

6 p 3 is selected from Group B, 

7 R 2 is the R group side chain selected from Groups A and J 

8 and each of R 4 and R5 is selected from Group E. 

! 19. A compound of claim 18 selected from the group 

2 consisting of Glu-Gly-Arg-CF 2 H, Glu-Gly-Arg-CF 3 , 

3 Glu-Gly-Arg-COOH and Glu-Gly-Arg-C0NH 2 . 

! 20. A compound of claim 1 useful for inhibiting 

2 plasminogen activator with X x and X 2 being as defined in 

3 claim 1, 

4 Y is NH 2 , 

5 % is TP2P3P4 wnerein 

6 p 2 is Gly, 

7 P3 is selected from Group B, and 

8 P4 is selected from Group K, 

9 R 2 is the R group side chain selected from Groups A and J, 
10 R4 is the R group side chain selected from Group E, 

R5 is selected from Group E. 

! 21. A compound of claim 20 selected from the group 

2 consisting of DNS-Glu-Gly-Arg-COOMe, PNS-Glu-Gly^ArgTCF 3 , 

3 DNS-Glu-Gly-Arg-COOH. 

! 22. A compound of claim 1 useful for inhibiting 

2 acrosin wherein x x and x 2 are as defined in claim 1, 

3 Y is NH 2 , 
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1 R4 is an R group side chain selected from Group E, 

2 R5 is selected from Group E, 

3 Ri is -P2P3P4 wherein 

4 P2 is selected from Group E, 

5 P3 is selected from Group E, and 

6 P4 is selected from Group K, 

7 R2 is an R group side chain selected from Groups A and J. 



1 23, A compound of claim 22 selected from the group 

2 consisting of Boc-Leu-Leu-Arg-CF2H, Boc-Leu-Leu-Arg-CF3 and 

3 Boc-Leu-Leu-Arg-rCOOH. 

1 24. A compound of claim 1 useful for inhibiting B- 

2 lactamase wherein X is Xi, as defined in claim 1 with the 

3 proviso that the P^ carbonyl moiety may also exist in its 

4 reduced form, 

5 0 

6 Ri is P2 which is selected from Group K or is 0CH2C. 

7 R2 is an R group side chain selected from Groups E r G and 

8 C. 

1 25 ♦ A compound of claim 24 selected from the group 

2 consisting of 0CH2CONHCH2COCF3 , 0CH2CONH2CHOHCP3 , 

3 0CH 2 CONHCH2COCOOHr 0CH2CONHCH2COCOOMe , 0C H 2C ONHCH 2 CH OHC 00H 

4 and 0CH 2 CONHCH2CHOHCOOMe. 

1 26. A compound of claim 1 useful for inhibiting D- 

2 Ala-D-Ala carboxypeptidase wherein X lf X2 and R3 are as 

3 defined in claim 1, 

4 Y is OH or OR3 

5 R5 is deleted, 

6 R 4 is D— Ala, 

7 R 2 is R group side chain of D-Ala and 

8 R i is -P2P3 wherein 

9 P2 is selected from Groups E, C and (N<x,£,) -di-AcLys, and 
0 " P3 is selected from Group K. 
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1 27 • A compound of claim 26 selected from the group 

2 Ac-Lys-D-Ala4CF 2 -D-Ala*OH and 

3 A -Ac 

4 Ac-Lys-D-Al a4CF2-D-Al afOMe . 

5 N -Ac 

1 2 8. A compound of claim 1 useful for inhibiting 

2 cathepsin B wherein X i# X2, »3 are as defined in claim 1, 

3 7 is OH, 

4 R5 is selected from Groups E, P or G, 

5 R4 is the R group side chain selected from Group E, 

6 Rl is (af -P2P3 oz (b) -P2P3P4 wherein 

7 (a) P2 is selected from Groups E and F, 

8 P3 is selected from Group K, 

9 <b) P2 is selected from Groups E and F, 

10 P3 is selected from Groups E and F, and 

11 P4 is selected from Group K, 

12 R2 is the R group side chain selected from Groups A, J or 

13 Tbr-CH 2 0- 

1 29- A compound of claim 2 8 selected from the group 

2 consisting of Ac-Leu-Leu-Arg4CF 2 -LeufGly-OH r 

3 CBZ-Phe-Arg*CF 2 -Leu*Gly-OH and CBZ-Phe-Thr-£CF 2 -Leu*Gly-OH. 

4 OCH 2 0 

1 30. A compound of claim 1 useful as inhibitor of 

2 renin wherein X x , X2 and R3 are as defined in claim 1, 

3 7 is OH wherein 

4 R4 is the R group side chain selected from Groups E, F or 

5 G, 

6 R5 is P2P3P4 wherein 

7 ?2 is selected from Groups E, P or is deleted, 

8 P3 is selected from Groups E, F or is deleted, 

9 P4 is select d from Groups E, C, P or is deleted, 
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10 R2 is th R group side chain selected from Groups E or p, 

11 or is cyclohexylmethyl, 

12 Ri is -P2P3P4P5P6 wherein 

13 p 2 is selected from Groups E, C or F, 

14 P3 is selected from Groups E or F, 

15 p 4 is selected from Groups E, D or F or is deleted, 

16 P 5 is selected from Groups E, c or F or is deleted. 

17 and 

18 p 6 is selected from Group K. 

1 31. A compound of claim 30 selected from the group 

2 consisting of MeOSuc-His-Pro-Phe-His-tCF 2 -Val3-Ile-His-OH, 

3 MeOSuc-Pro-Phe-His*CF 2 -Valflle-His-OH, 

4 MeOSuc-His-Phe-His*CF 2 -Vaia-Ile-His-OH, 

5 MeOSuc-His-Pro-Phe-His*CF 2 -VaH-Ile-OH, 

6 MeOSuc-Hi s-Pr o-Phe-His-fCF 2 - V alf His-OH . 

1 32. A compound of claim 1 useful for inhibiting 

2 pepsin wherein x 2 , x 2 and R 3 being as defined in claim 1 

3 wherein 

4 R4 is an R group side chain selected from Groups E, G or P, 

5 R 5 is selected from Groups E or F and 

6 Y is NHCH 2 CH 2 CH(CH3) 2 or -NHCH 2 CH(CH 3 ) 2 , 

7 * 2 is an R group side chain selected from Groups E or F, 

8 R i is -P2P3P4 wherein 

9 P 2 is selected from Groups E or F, 

10 P3 is selected from Groups E or F, 

11 p 4 is selected from Group K. 

1 33. A compound of claim 32 selected from the group 

2 consisting of Iva-Val^Val-Leu-CF 2 ^ NH CHC N HCH CCH3) 2 and 

3 0H3C O 

4 Iva-Val-Val-Leu*CH 2 -Glyf AlaNHCH 2 CH 2 CH (CH3 ) 2 . 
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1 34. A compound of claim 1 useful for inhibiting cath- 

2 epsin D wherein Xi, X2 and R3 are as defined in claim 1/ 

3 y is -NH(CH2)2CH(CH3)2 * -NHCH2CH (CH3) 2 * 

4 R4 is an R group side chain selected from Groups E or F, 

5 R5 is selected from Groups E or F, 

6 **2 i s a n R group side chain selected from Groups E or F, 

7 Ri is -P2P3P4 wherein 

8 P2 is selected from Groups E or F, 

9 P3 is selected from Groups E or F, and 
10 P4 is selected from Group K. 

1 35. A compound of claim 34 selected from the group 

2 consisting of CBZ-Val-Val-Phe— CF2H, CBZ-Val-Val-Phe-CF3 , 

3 CBZ-Val-Val-Phe+CF 2 -PheiAlaNH (CH2> 2CH (CH3 > 2 , 

4 CBZ-Val-Val-Phe-K:F2-Phef AlaNHCH2CH(CH3) 2- 

1 36. A compound of claim 1 useful as an ACE inhibitor 

2 wherein X is X2 wherein 

3 ' R4 is an R group side chain selected from Groups E or G, 

4 R5 is selected from Groups A, B, C, D f E, F and G and Y is 

5 OE, 

6 R2 i s an R group side chain selected from Groups E # F or G, 

7 and 

8 &i is selected from Group K. 

1 37. A compound of claim 36 having the formula 

2 Bz-Phe ICF2-Gly 1 Pr o-OH. 

1 3 8. A compound of claim 1 useful for inhibiting 

2 enkephalinase wherein X is X2 wherein 

3 R4 is an R group side chain selected from Group E or F, 

4 R5 is selected from Groups E or F or is zero with the 

5 proviso that when R 5 is zero, Y is -NH2 and when it is 

6 not zero, Y is -NH2 or OH, 

7 R2 is Gly, and 
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8 Ri is -P2 p 3 wherein 

9 P2 is Gly, and 

10 P3 is selected from Group F or is zero. 

1 3 9. A compound of claim 3 8 selected from the group 

2 consisting of Tyr-Gly-Gly- [CF2-Phel -Met-OH, 

3 Ty r-Gly-Gly- ICF2-Phe] -NH2 • 

1 40. A compound of claim 1 useful as inhibitor of 

2 pseudomonas elastase wherein X is X2, wherein 

3 R4 is an R group side chain selected from Groups E or F, 

4 R5 is selected from Groups E or G and Y is NH2* 

5 R2 is an R group side chain selected from Groups E and G, 

6 and 

7 Ri is -P2P3/ wherein 

8 P2 is selected from Group E and 

9 P3 is selected from Group K. 

1 41. A compound of claim 40 having the formula 

2 MeOSuc-Ala-Ala[CF 2 -Ile]Ala-NH2. 

1 42. A compound of claim 1 useful for inhibiting 

2 leucine aminopeptidase wherein X^, X2 and R3 are as defined 

3 in claim 1, 

4 R4 is an R group selected from any Group except H and 

5 R5 is selected from any Group except H# 

6 Y is NH 2/ 

7 Ri is hydr.ogen, 

8 R 2 is an R group selected from Groups E or F. 

1 43. A compound of claim 42 selected from the group 

2 consisting of Leu-CF 3 , LeuCOOH, Leu [CF2~Ala] AlaNH2 # and 

3 LeuCOOMe . 
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1 44. A compound of claim 1 useful as an inhibitor of 

2 kallikreins wherein X is Xi, R 2 is Arg, ^ is a peptide 

3 P2P3 with 

4 P2 being selected from Groups F and E, 
5^ P3 being selected from Groups C, E or F. 

1 45. A compound of claim 44 selected from the group 

2 consisting of 

3 D-Pro-Phe-Arg-CF2H, 

4 D-Pro-Phe-Arg-CF3 , 

5 D-Pro-Phe-Arg-C02H, 

6 D-Pro-Phe-Arg-CONH 2 
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1 46. The process for producing comp unds f the 

2 formula 

* and the hydrate thereof 

5 which comprises effecting a Swern oxidation on a 

6 compound of the formula 

7 V (B) 

R.MW 

8 wherein X 1 is CF2H or CF3, and Ri and R2 are as 

9 defined in claim 1, and optionally removing any 
10 protecting group. 

1 47. The process for preparing compounds' of the 

2 formulae 0 

9 

3 T . 1 <Cl and C 2 > 

fc-u ^ x 

4 and the hydrates thereof 

5 which comprises effecting a Swern oxidation on 

6 compounds of the formulae 

^^V^Ca^ ^ * V * V S^C I *^ 3 0>i and D 2 ) 
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wherein R3 is as defined in claim 1 , R3 is R 3 ex- 
cept H, and Rj and R2 are as defined in claim 1, and 
optionally removing any protecting group. 

4 8. A process for preparing a compound of the formula 



(E) 

which comprises treating a compound of the formula 

O 



with a base, whrein Ri/ R2 and R3 are as defined in 
claim 47. 

49. A process for preparing a compound of the formula 





(C2> 



which comprises coupling R3NH2 to a compound of 
formula 




(G) 



according to standard coupling procedures wherein Rx, 
R2 and R3 are as defined in claim 47 f and optionally 
removing any protecting group. 
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50. A process f r pr paring a compound of the formul 



which comprises coupling R 5 y to a compound of the 
4 formula 



o 




(I) 



according to standard peptide chemistry procedures, 
and optionally removing any protecting groups", wherein r x , 
R 2r R5Y are as defined in claim 1. 



51. A process for preparing a compound of the formul. 

E„ J * (H) 



which comprises effecting a Swern oxidation on a 
compound of the formula 



Q t ft U 

0 (Ha) 

and optionally removing any protecting group, wherein 
Rl, R2 and R5Y are as defined in claim 1. 
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1 52. The process for preparing a compound £ the 

2 formula 

o (J) 

4 which comprises effecting a Swern oxidation on a 

5 compound of the formula 

7 and optionally removing any protecting groups, 

1 53 • A process for preparing a compound of the formul 

3 which comprises effecting a Swern oxidation on a 

4 compound of the formula 

6 and optionally removing any protecting group wherein 
^ R 2* are as defined in claim 1, and R$ is phenyl, 

8 benzyl or other equivalently functioning group. 

1 54. A process for preparing a compound of the formul 
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3 T which comprises coupling R5Y with a compound of the 

, formula _ 



^ 0 (La) 

and optionally removing any protecting group, wherein 
R 2/ R4r R5* and R6 are as defined in claim 53. 

55. A process for preparing a compound of the formula 

O 



which comprises oxidizing a compound of the formula 

5 according to Swern oxidation conditions or with 

6 pyridinium dichr ornate, and optionally removing any 

7 protecting group wherein Rx and R 2 are as defined in claim 1 
and R' 5 Y is as defined for R^Y except that R 5 optionally con- 
tains a protecting group. 
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